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BY MR, SPRUNG: 

9) Now, would you like to proceed with your analys 
of these references? 
A Well, yes, for one thing I would directly like to 


comment on that earlier problem with respect to the accuracy 


JA 770 
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of Exhibit IL. 


They state in that that their results, and they | 


are referring to Oelsen, are more exothermic then selected 


{ 


values by 400 to 2,000 calories per gram atom, The more 
exothermic result is attributed a ee tnt to the 
presence of oxygen and nitrogen impurities. 
Now, I went back to and have here that very 
reference by Kubaschewski in which he commented on the 
accuracy. 
And I might say that it is a little bit like «4 


story traveling from one person to another person to another 


person because the context gets changed. | 


| 
13 
. Kubaschewski in commenting on GCelsen said that 
| 
‘s the present results -- and I am quoting now <= excuse me -= 
1 I am quoting now from Fxhibit IW which is transactions in 
17 the Paraday society, which is the reference referred to from | 
“ Exhibit IL. And it .s an article by Kubaschewski. And he 
19 Y 
- MR, CALIMAFDE: Are these newly presented 
exhibits? | 
21 | 
ie MR, KRAMER: You received the exhibits. 
- MR. CALIMAFDE: You are referring now to | 
| 
| 


exhibits which have not been identified previously. 


MR, SPRUNG: You were given copies of that. 


Ingham-direct /Sprung 
CALIMAPDF: When? 
GORDON: TI can't find them. 
SPRUNG: Well, can we just finish this? 
* COURT: Yes. 
WITNESS: I am quoting Kubaschewski 
Exhibit IW; 
"present results are numerically lower 
than --" 
THE COUPT: What page? 


T WITNESS: iI am sorry. Page $15, And it 
, 


Me tae 


is the bottom of the paragraph on that page 


labeled "results." It is about the second half. 


"Th, eresent results are numerically lower 
than Oelsen end Midéel by 10 pergent =~" 

THE COURT: Do you find that? 

MR, TALIMAPDE: No, 

THE COURT: Do you want to use this 
(indicatina) ? 

THC WITNESS: “Present results are numerically 
lower than YXelser and Middels by 10 percent or 
less." 

That ig just within the claimed accuracy 


of Oelsen and Middels. 


And he aoes into that with that methcd, 


| JA 772 
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; referring to Oelsen, some oxidation is likely to 
3 | occur, and so On. | 
J What he is saying here is that it is a 
5 10 percent error and net a 2,000 calorie error. 
P So at maximum if we are talking about 3,000 calories 
4 per gram = we are talking about 4 maximum plus 
g a minus 300 calories. 


9 BY MR, SPRUNG: 


10 Q Now, do you consider, according to your own 


personal opinion in the flame spray field, the amount of heat 


reported as generated by reacting about three and — half 


$ Mm 
12 || Percent aluminum with nickel as being realistic? | 
14 A Yes. | 
15 Q Would you explain why? | 
; 6 A Well, some discussion of whether the Oelsen method ne 
; . some oxygen in it, and certainly in flane spraying there is | 
LS 
+ gome oxygen present. | 
~ Q So you would consider the amount of heat reported, 
My | 
: ‘0 inthe original article as being accurate for flame spray | 
urposes? | 
2) etait 
= A I think it is a good guideline. | 
‘ x *k #¥ 
, | 


| 


Tnaham-Direct 
2AM<-1 


THE COURTS ALL FLyilttle 
G Nr. Ingham, I would like you to refer to the 
515 patent, column three, beginning on line 50, where it 
states, “Whil’s the components are preferably present in 
stoichiometric proportions required for the formation of 
the intermetallic compound, it is, however, possible to 
also have an excess of one or the other, provided the 


relative amounts are suff’cient to release the quantities of 


heat indicated above in the formation of the intermetallic 


compounds.” 

Now, according to your understanding, what 
are the components referred to there in that portion? 
A Well, the components are the components disclosed 
in the patent. These are metals which may react, @xo~ 
thermically, and it would particuiarly refer to nickel 
and aluminum, 

Q Now, what are the relative proportions 


according to your understanding of the nickel and aluminum 


ee 


JA W774 
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in order to release the quantity of heat indicated? 
A The proportions would be any proportions that would 


release more than this 3,090 calories and that would 
correspond tc © - be on the nickel-rich side. That would 


correspond tc about 3 1/2%. 


2 ay the waight? 
A By the -aiqht. 
9 “low, have you ever made or had made under 


your supervision a nickel aluminum flame spray powder con= 


taining that low 4 quantity of aluminum -- 


| 

A Yes. | 

9) -~ in relation to the nickel? | 

A Yes. | 

Q And have you had such a composite flame spray? | 

A Yes. | 
Q Now, would you tell us how the bonding 


characteristics and the characteristics of the coating compare 
to those reported in example 31 of the 515 patent? 
A Well, such materials give results quite comparable 
to those of exam&os. 31, bonding and coating characteristics. 

Q Now, do you know if ae has been any prac- 
tice in the flame spray field by others to refer to alloys 
of nickel and aluminum containing 5% or less than 5% alum | 


inum as nickel-aluminides or metallic compounds of siekel 


JA 775 


Inaham-Pirect 
and alurinum? 

Yell, Tm rvare of Aven selling a powder which is 
to be pre-reected nickel aluminide, and it's called 
nickel aluminide, That is to contain 5% aluminum. 

Q tT refer to, Nefendant's Exhi it KO. 

Is that what you're referring to? 
A I said Avco, This is Bay State Abrasive which has 
been a 3ubpsidiarv of Avco. Bav State Abrasive has this 
container selling their number 6€, and it says nickel 
aluminide 95- 


™T? COURT: Mow, you're referring 


WENESS s “FenInLE 70, 


Ingham=-Direct 


Q Dr. Ingham, have you sprayed coatings with 


fetco 4604 «are 


A This has been done for ma, yes. 


material? 


9 A Yes, | 
10 Q Have vou sprayed coatings with the ixotec | 

1} | material? | 
12 | A Yes. | 
13 | Q Have you sprayed coatings with the tupexbond | 
14 | material? | 
5 | A Yes. | 
16 | Q Hew do these coatings compare to each othe: | 
7 and the coatings as described in examples 1 and 31 of | 
18 the patent? | 
19 A Well, they are all very comparable to each other in | 
: 20 general. | 
y Q What common characteristics do they have? | 
2 A They all self~bond with a relatively high bond | 
23 strenth. They all are relative oxidation resistant. | 
24 Those are the general comparisons. | 
| 


25 Q iiave you sprayed coatings with plain nickel, 


JA 777 
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not in the form -- | 
A Yes. 

9 “- of » seepesite with aluminum? 
& 
| 
Q And hov de the coatings compare to the coatings) 
43 Xuperbond? | 
A Plain nic not sei f-ary 


2) iiow do the other characteristics compare? 
A The oxidation characteristics for instance? 

* aaa Y68. 
A Nickel is not as -- as oxidation resistant 
as nickel aluminide. , 


Q When you say nickel aluminide you're referring 


BR Those other coatings that you referred to. 

Q Now, according to your understanding of the 
patent, what's the primary purpose of the coatings obtained 
as described in the patent? 

A The primary purpose is for bonding. 

Q Now, in a material that is used for bon4ing 
do the waar resistance qualities of the coating count 
for much? 

A No, they arc of secondary importance. 


0 Why Le that? 


JA 77% 
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2 A That's because an overcoat is put over °° pond; 
| coat and the details >f the bonding coat don’t play 4. 


A \ role in what the cvroccoat $3 to narform. 


7 
| 
18 
19 | 
“ | 
| 
} 
21 | | 
“| | 
| 

23 


Tncham-Direct 


re inqiam, in accordance with your understanding 
anc? 249 patent, is there any indication in 


3 ast te whethar or not oxidation may occur 


of materials during spraying is -- is 
3 conatant occurance, and the patent 
4 you noint out where it recognizes it? 


n the area starting around line 31 


cf addina a h¢dride to the material in 


sxidation. That's what it says on line 
‘jne 37, "Also for the purpose of 
na metal hydride may he adced." 


w, axatvoles i and 31, aid they disclose 


rding to your understanding would some 
laqree of Ox ter aceur when following those examples? 
Y@8. 
heaording te your experience in the flame 
apray field hat would you consider, if there is such 


iadree of oxidation as occurs in 


Ingham-Direct 
flame spraying? 
A Well, it would be commonly expected by those in- 


volved in flame spraying to expect about -~ around 


5% by weight. That might be somewhat more by volume. 


Q And how much oxidation would you expect in 
accordance with examples 1 or 31? 
A I would expect 4 similar amount of oxidation. 


(Continued on the next page.) 
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BY MR. SPRUNG: 

Q ow, in accordance with your understanding of 
the patent, what is this oxidation of, and referring again 
to column 4, 33 to 35? 

A The oxidation of the metal components and the final 
sprayed products. 

Q Now, with this normally expected oxidation 
would you expect or would you not expect. to find aluminum 
oxides in the final coating? 

A i woul. expect to find aluminun oxide in the final 
coating. 

Q According to your experience do you generally 
find metal oxides of the materials being sprayed in the 
final coatings? 

A Yes, this is comzonly found in the sprayed coatings. 

Q Now I refer you to column 6, beginning on line 
6 through line 12 of the 515 patent. What is your under. 
standing of that statement? 

A Well, with respect to oxidation this statement -~ 

Q I'm referring now to column -~ 
A Well, column 6 line 6: "In combining in the exo= 
thermic reaction intermetallic compound the components 
generate heat in situ, and the actual material which is to 


form at least part of the coating. This is to be distinguished 


t 


7 | 


i} 
i 


2 Ingham-direct ' 1519 | 
from flame spray processes and materials where heat is 
generated by a reaction such as an oxidation reaction in 


which a foreign and non-metallic element is introduced. ”° 


+fnermtc type of reaction, the oxidation -- the non-metallic 
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Now, I -- I said yesterday that that refers to the 
Tae eee 

element of oxygen would be introduced in the form of another 
oxide. It would be in the composite flame spray mate: iai | 
in the form of an oxide such as iron oxide. 

Q That is solid material? 
A A solid material. And the type of reaction they are 
talking about here in this portion of the patent would be 
the oxidation reaction in which a metal such as aluminum 
would react possibly during spraying with that iron oxide. 
This is not referred to the normal oxidation that occurs 
when any flame spray metal is flame sprayed. 

Q pr. Ingham, referring to the disclosure of 
the 248 patent -~ and I'm asking you to ignore the claims at 
this time -- how does the @isclosure compare with that of 
the 515 patent? 
A The disclosures are he same. 


Q Now referring to the 246 patent, it refers to 


conventional flame spraying. Now, what is your understanding 


that occurs when you practice flame spraying as described in 


the 248 patent; in other words, do you get any different or 
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1 | inexpected results that you would4 normally expect to get in 


flame spraying? 
A In the 248 patent the results that are obtained are a 
new bonding situation. 

Q Does Metco to your knowledge manufacture self~- 
bonding flame spray materials in accordance with the patents | 
in suit? | 
A Yes. 

Q Would you define these materials for the Court? 
A Well, I really went into that a little while ago. I 
could -~ ¥% could go into it again. There are basically -- 

Q Just cive us the designations again for the 
record? 

Bh All right, Metco 450, which is similar to example 31; 
Metco 405 wire, which is similar to example 32(a)j and Metco 
404, which is similar to example 1. 

Q Have you examined the accused powders involved 
in this law suit? 
A Yes. 

Q And I'm referring now to the Exotec powder, 
the Nela@o M-55 and Xuperbond powder? 

Yes. 

Q Now, based on your examination of these powders 


wis 
how do these powders -- let's take the Exotec and ‘Molae ™ u 5 
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powder; how do these compare to the Metco 450 powder? 
A These are substantially just like Metco 450 power. 


Q Now, have you examined the Xuperbond powder? 


Q And what is your understanding of the Xuperbond 
powler and how it compares to any of Metco's powders? 
A The Xuperbond powder was very much like 450 and the 
Exotec 155. When eross-sectioned and looked at under a 
metallographic microscope under the right lighting there was 
some foreign material in the cladding, and by separating out 
the cladding material into its constituents and dissolving 
away the aluminum from it, getting a chemical analysis, we 
found that that constituent contained chromium and lead, and 
determined it to be a ceramic, and concluded that it was 
lead chromate that was added in the core, estimated around 
1 percent or 80, coughly, oi additional material to the 
core. That was the only difference that I could ascertain. 

Q You say chromate. What type of chromate? 

Lead chromate. 


Q Do you have any understanding what isad chromat: 


A Lead chromate is a pigment used primarily in the paint 
industry, and as a coloring material. It's a ceramic~-type 


material. 


JA 
785 1522 
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8) Now I hand you exhibit KT, and ask you is this 
a report of your analysis of the Xuperbond powder? 
A Yes, KT iv he report I wrote with respect to the 
Xumerbord analysis. 

0 To the best of your belief that's an accurate 
report? 
f. 

CQ Have you analyzed the Duratec powder? 

Yes. Yes, I've analyzed Duratec powder. 

( bod what is your understanding as to what the 
buratec powder is or consists of? 
A { understand that it is a self-fluxing alloyed powler 
which has’ blended into it about 10 percent of the Exotec 
powder. 

Q Now, according to your understanding is the 
Exotec powder a flame spray material? 
A Yes. 


Q Is it in the form of a composite? 


Is it in the form of a composite as defined in 


the 515 and the 248 patents? 


A Yes. 


Ingham-direct 


Q Now, according to your understanding does >r 


| goes not the 515 patent teach the use of tie composite, 


25 | 
| 


{ 
1 


nickel~alum::;um cemposite powlers, in accordance with the 
invention in add mixture with other flame ep. ¥ powders? 
A Oh yes, yes, the -~ in column 6 line 25: “The 
gomposites in accordance with the invention may be sprayed 
‘ta conjunction with or in edadition to other flame spray 
materials conventionally used in the art." 

Q Now, does it give any amounts, relative amounts 
as to he nickel-aluminus  smposi.as and the others flame 
spray materials? 

A In line 36 it says: "tn general at little as 10 
pervant by weight of the composites in accordance with the 
invention will be sufficient." So == 

Q Now, from your study ofthe Durctec powler 
would you compare it with that description in the p-tent? 
A The Durotec powder would fit dixectly with this 10 


|. percent in add mixture with other flame eprey material that’s 


eonventionally used. 

Q Now, you testified that the Xuperbond material 
contained lead chromate coloring material. According to 
your understanding, what is the purpose of this material or 
what function does it serve? 


° 


JA 787 
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2 A I don't know what good function it would serve, other 
3 than to color it a slight green coler. It actually -- the 

4 Xuperbond tends to smoke a little more when it's flame sprayed, 
5 and that seems to be the general effect. 

6 Q Have you ever sprayed the Xuperbond material ° 
and compared its bonding characteristics with the Exotec and 


the Metco 4507 


9 A Yes, we found the bond strength of the Xuperbond to 
be somewhat less than the 450 and the Exotec. 


Q Substantially less? 


I woul have some numbers -- 


Yee. 
13 Q Do you have any understanding or belief as to 
why the bond strength in the Xuperbond would be less than 
the Metoo 450 and the Exotec material? 
1 | A Well, I believs that additive is reducing the degree 
of reaction of the aluminum and nickel, interfering with 
ig | xeducing the effect -- 
19 Q Is the Xuperbond still a self-bonding material? 
20 A It is still well up in the bond etrength range that 
it would be a self-bonding material, yes. 

Q Kow will you describe for “se Court the bond 
srongth test that you conducted on Metco 450, Exotec and 


>, | Saperbon<? 
And I would like to call the 


JA 788 


| 
4 Ingham-direct 1529 | 

Court's attention that these tests were noticed | 
3 as inter-party tests. | 
THE COURT: Which one is that, which 


5 exhibit? 
MR. SPRUNG: I refer to exhibits KD, KC, 


ZY KD-1 and KD~-2. 
| 


8 .@ Would you ju. describe these tests as briefly | 


) as you can, so that the Court will get an understanding of 


10 what is done, without being too technical? 
HW A All cigh:, on the day of the inter-party tests, which 


12 | was -~ 

MR. CALIMAPDE: I beg your pardon. I 
wouldn't characterise it as an inter-party test. 
I don't believe anyone from Butectic was present, 
although we were invited. In any event these 
are tests you conducted. 

MR. SPRUNG: ‘They are inter-party tests. 
They were noticed. 

If they don't choose to attend, that's 


their problem, your Hones. 


ty * 


ee 
oo RRR Sen ARENA 
co 


ERNE RRR AERC RIE a BO CARES 2 
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SPRUNG: This is Exhibit KC, your Honor. 


: COURT: Mine has five, by the waye 
2 WITNESS: I am sorry. 
2 COURT: Maybe the firet is a cover sheet. 
THR WITNESS: Well, they are numbered 00629, 
30, and 31 <= 


THE COURT: Yes. Which one are you referring 


THE WITNFSS, I am referring to all of them. 

These were tests that were set up under as 
carefully controlled conditions as we could make 
practical, taking our thermospray gun, which is 


desiqnated Model type 5P, which was chosen because of 


1532 
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2 its relative reliability, with respect to reproducing 
3 conditions from time to time during the course of the 
4 spraying that day. 5 


The cover sheet on this, the one that is 00629, 
lists the general spray parameter conditions that 
were chosen for each of these tests. 

Now, there are three materials listed. There i 
9 Metco 450. There was the Exotec and the Xuper Bond, 
each of which was handed to me that day, by Mr. Sprung 
and we broke the seal. 

MR, SPRUNG: Your Yonor, those powders were 


supplied to us by the plaintif?, 


MR, CALIMAFDEs Wot all -- 


MR. SPRUNG: I am sorry, the Exotec and Xuper 


Bond. 


THE WITNESS: The 450 was taken from a standard 
container of produced material == production material. 

Now, for these bond tasts -- bond tests are run 
by spraying onto the blunt end of shaft, and a coating 
of a certain minimum thickness is built up and then 
another shaft ie glued to the coating. And then it is 
pulled in tension at an increasing rate of load until 
they break. 

And the breaking point ia known as the bond 


atrength. 


Inghan-direct 


Q Now, would vou summarize very quickly the re- 


- vou in these tests comparing Metco 450, 


° 


sults ebtained } 


with resvect to bonding characterist - 
oy 


exotherr:c and xy var bone 


10 V4 


4 
4 


JA 792 


A All right. The bond strength of Metco 450 were -~ 

of the three samples -- within several hundred PSI's of each 
other, and averaging about 5,000 PSI bond strength for the 
three Exotec coatings, with just about the same bond strength 
for xuperbond. The <hree samples were also very close to 
each other but ranged from 3500 to 3880. 

Q How, i notice that these values, let us say 
the 5000, are quite higher than the values we have been 
hearing during this trial. Can you explain that? 

A Well, the exact spray conditions of the Gay would 
influence that. 


Also these coatings were actually tested without an 


additional overcoat. In other words the bond coat material 


was built up to the proper thickness instead of taking a 
second step overcoat. 

Much of the published information that is used for 
application purposes ~~ 

Q When you say “application purposes" what do 
you mean? 
A The user would be interested in this coating because 
it has overcoats on it. 

S0 most published information refers to another over- . 
coat put. over the bending material. 


And in ticce cases failure tends to be at an interface 


JA 798 
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with the bonding material and the overcoat material, or 
sometimes even up in the overcoat material and that is still 
reported as bonding strength, but tends to be a lower figure. 

Dr. Ingham, in making these tests you used a 
Metco P gun? 
A In these tests we used the P gun for this particular 
series of tests. 

Q That if. so *o speak. the top of the line that 
you have powder spray? 
A Yes, povdar spray line, yes. 

Q Well, tall me why didn't you use for these 
tests the Rototec gun? 
A We felt we could get better uniformity spray para~ 
meters that day from powder. We were trying to be as 
uniform as possible. 


Q Well, have you ever personally sprayed an 


Exotec material or had an Exotec material sprayed under your 


supervision with a Rotowc gun to obtain a coating? 
A Oh, yes, I have had a number of coatings sprayed for 
me of Exotec with the Rototec gun. For example exhibit LF 
was done that way. 

Q Now, Dr. Ingham, would you explain, in accord- 
ance with your understanding, what occurs when either 


Exotec or Metco 450 or Xuperbond is flame sprayed, and I 


JA 794 
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refer to a chart which I am marking MK, 

(Article referred to was received and 
marked defendant's exhibit MK.) 

THE WITNESS: Maybe I had better get 
over there. 

THE COURT: You had better. There is a 
pointer if you wish to use it. 

THE WITNESS: Well, I think the question 
was with regard to this exhibit MK -- was with 
regard to my understanding of what takes place 
when any of these particles -~ powder particles 
of 450 or Exotec are fed into the flame. 

Q Ana aleo Xuperbond? 
And also Xuperbond. 

MR. CALIMAFDE: Will you establish the 
foundation for the knowledge which this witness 
is about to relate. 

MR. SPRUNG: Your Honor, Dr. Grant has 
never seen flame spraying and testified to what 
he felt happened. 

MR. CALIMAFDE: I'm not asking what Dr. 
Grant did or did not say. What is the founda~ 
tion? Is it based on movies, or is it based on 


his theory, or just what is it based on. 


JA 798 
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MR. SPRUNG: It is based on his under- 
standing frem various experiences that he has 
had in the flame spray field. 

TEE COURT: Well, I think perhaps plain- 
tiff's counsel is entitled to the witness’ own 
statement illustrating your summary to some ex- 
tent. 

Do you want some voir dire at this time 
to establish --- 

MR. CALIMAFDE: Well, I don't want to 
interfere or interrupt and waste time. 

Your Honor, perhaps the fastest way is 
for this man to go ahead and explain his under- 
standing of what occurs, and under cross~exan- 
ination I will take care of it. 

THE COURT: All right. 

MR. CALIMAFDE: Thank you, sir. 

THE COURT: Go ahead. 

THE WITNESS: All right, this is what I 


visualize to be the case based on my being ex- 


posed to flame spraying and studying this 


situation. 
Now, number 1, this first particle I had 


arawn to look like a cross-section of the 450 or 


am 
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Xuperbond (indicating). 

In other words, it is even before it goes 
into the gun, and is a core of nickel with a 
claddig of aluminum particles bonded to the sur- 


face with the resin liner -- 


THE COURT: No, let me ask you something 


there. You depict linearly what you say is the 
appearance -~ 

THE WITNESS: Cross-section. 

THE COURT: All right, or a composite of 
matter. 

THE WITNESS: Yes. 

THE COURT: Now, is that based on any -- 
what do you call it, an electromicroscopic -- 

THE WITNESS: Yes, this is based directly 
on any of a number of photo-micrographic pictures. 

THE COURT: All right, so we will call that 
an illustration, illustration 1, which is based on 
really photo-micro -- 

THE WITNESS: Photo-micrographs. 

THE COURT: Of. 

THE WITNESS: Of cross-sections of 450 or 
Exotec, Xuperbond, whether made by ourselves or 


those I have seen submitted on behalf of Eutectic. 


JA 797 
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THE COURT: All right. Okay. I have that 
now. And then? 

THE WITNESS: So that is the starting 
point -- 

THE COURT: Right. 

THE WITNESS: The starting point is 
something you can see under your microscope. 

THE WITNESS: When you say below 
660, that is below the melting point of the 
aluminum? 

THE WITNESS: I am now talking about 
feeding this into a flame and visualizing 
what may be happening as the powder particle 
enters the flame, and then as it is being heated 
up. 

What I am speaking of here is 
approximately the sort of progression of 
melting and reacting that would take place as 
the particle travels along and gets hotter and 
hotter. 


THE COUPT: In other words, if the 660 C 


ie what you would consider the entry point -- 


THE WITNESS: The entry condition. 


{HE COURT: The entry condition. 


ya 798 
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THE WITNESS: Well, I say below. 

THE COURT: That is before it enters ~~ 

THE WITNESS: Room temperature ~~ 

THE COURT: -- the flame. 

THE WITNESS: Yes. 

THE COURT: All right. 

When it first enters the flame, then 
it meets temperatures of 690? 

THE WITNESS: Well, it is seeing flame 
temperatures of much higher, § to 6,000. 

But this refers to the temperature of 
the particle. And the reason I picked 660 is 
because it is the melting point of aluminum. 

So before the particule is up to the 
lowest melting point of either of the 
constituents it will continue to have solid 
particles. 

THE COURT: All right, I get that. 

THE WITNESS: Now, what I haven't 
shown here but would like to explain is that 
there is resin there that we have all bsen 
talking about, holding those particles on. 

THE COURT: In other words, what you 


are saying in that even these photomicrographs 


Ingham - dire *t 
do not show the resin? 

THE WITNESS: No. 

Tv ‘QURT: All raght. Go ahead. 

THE WITNESS: Now, during this stage of 
heat-up, I visualize that the resin is burning 
off ard decompot ing. 

But this is a very short time period we — 
are talking about. Times of particles in the 
flame total a few thousands of a second. 

Now, this resin burning off and 
decomposing ie going to protect this aluminum 
from oxidation, and it will specially be burning 
off in the outside portions first. And the 
resin on the incide will be the last to disappear, 
will be continuing to hold those par.icles on 
the nickel surface. 

Then it reaches the melting point of the 
aluminum, “his particle reaches that melting 
point, and the aluminum then can melt and 


can spread out onto the nickel surface. 


R&R 
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THE WITNESS: No, I am sorry. The 


resin would burn relatively cleanly. Smoke 


would be produced -~ if oxidation of the metal 


JA 801 


1549 


Ingham - direct 


particles are going on, they would produce 


smoke. That is based on extensive experience 


in flame spraying metal particles of various 


sizes. Under most conditions, there is a 


substantial amount of emoke generated during 


spraying. 
And in the case of 450 or Exotec type 


of powders, the smoke is very low. In fact, 


earlier when you wore asking abovt the aifferences 


betwecn wire spray and powder spray, one of 


the reasons which powder spray is cleaner is 


the use of this type of material because it 


hae less smoke. 


That is a very real observation, that 
the smoke would be burning metal particles, 


4f it existed. 
And that smoke Goes not exist in this 


case. And so 1 deduce that it is being 


protected from oxidation. 


It ie also relatively well known thet 


aluminum does not ignite and burn in air until 


somewhat higher temperatures than 660. So that 


is another reason thet I am able to deduce that 


it is not burning at this stage. 
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THE COURT: All right. 

THE WITNESS: Now, that takes us to this 
point where the aluminum has melted around the 
outside of the particles. If that occurs, then, 
according to all of the understanding of the 
reaction of nickel and aluminum, 4f you take 
molten aluminum with nickel, you are going to get 
the exothermic combination reaction, becarse that 
ig where 7 have taken it to the next step and 
drawn in a reaction zone between the aluminum 
and nickel where nickel aluminides of some 
sort are being formed. 

And in that sone, the heat would be 
quite extensive, since we are talking about 
relatively smaller proportions of aluminum and 
nickel. 

So locally the calories per gram atom 
might be 8,000, 10,000, 14,000 calories, because 
of this concentration. 

Now, eventually, and I just take it. 
quickly through the next sequence of events, 
where the particle progesses into full melting 
and eventual distribution of the reactive 


material more uniformly throughout the entire 
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particle. 


THE COURT: Now, that outer covering 


in filustration 3, what is that? 

THE WITNESS: That is still the aluminum. 

THE COURT: Still the aluminum? 

THE WTTNESS: In other words, what I have 
said here in this narrow temperature range, is 
that the aluminum is heginning to react at the 
interface where there is contact between the 
aluminum and nickel. 

THE COURT: And that thin double line? 

THE WITNESS: Called thea reaction point 
where there would be nickel aluminides. 

THE COURT: And fa that what you referred 
to or what the patent xefepe to ae the 
intermetallic? 

THE WITNESS: ‘That would be intermetallic. 

THE COURT; Formation go to speak? 

THE WITNESS: Yes. 

THE COURT; So you have in effect, a 
merger of the aluminum and the nickel in what 
you call the reaction zone which is the 
intermetallic formation spoken of? 


THE WITNESS: Yes. 
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A we keep speaking of the heat being generated, and the 


| I am left-handed so I don't know if they can see. The amount 
of heat according to the amount of aluminum present, OF 


since mat of the pictures are in terms of the amount of 


9 nicke], this is on this side zero aluminum -- the amount of 
heat is just linear. 


m4 a) -y, Ingham, would you explain the base line 4 


littic: more carefully. That's the amount of aluminum in 


relation to what? 
4 A This is the amount of aluminum -~ this would be 100 


15 percent aluminum, oF conversely we have zero nickel over here 


16 ané 190 percent nickel here. 
7 How, those are atomic percents for the sake of thig 
Aiacussion. 


Q What are they? 


he Atomic percents. 


~ — — 
~2 bd oo 
enh nami 


Q Could you do them in weight percents? 


A All right, weight parcents. Let me -~ atoric 


percent is a little more tugical for the diagram and then 
I will point out, what “3 weight percent. 


H 
: 25 | q Okay’. 
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2 A Because atonic percent, the amount of heat that you 


& 


get as you add more and more aluminum increases lincarly and 


4 in direct proportion to the amount of aiuminum, up to a 


wi 


peak and then drops back down again. And nat peak ie quite 
6 close to 50 percent of both. 


7 What this kind of chart means is that for each litcle 


8 increment of aluminum you add you get that auch more heat 


Q Starting at zero percent 2lusinum? 


Me 


10 A Starting at zero, and for our ten percent atomic / 
1 percent, which corresponds to e@,out five weight percent, the 
12 | arount of heat is about 3700 calories per gram at ohm. 

fe) Would you write thst on. oe 


i 
ij 
i 
14 | TH COURT: That's 10 -- 
| 
| THE WITNESS: tT have ten atomic raicnet, 


16 five weight percent. 
“V7 THE COURT: Oh, I see. 

18 THe WITNESS: The reason I drew the curv: 

19 in the first place is it's related more to 

20 etonde percent, peaking in the middie at 54 

21 or near 50, and the 3700 c..orfes is what corres~ 
22 ponds to that weight percent. 

o MR. SPRUNG: Would you mark that MM. 

24 wHP, COURT: flag anyone determined what 

the calories would be at the peak? 


P. 
ay, 


* 
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THE WITNESS: Yes, this is based cn 
published literature. 


2 What would the heat be? 


A That's around As ,000. 


MR. SPRUNG: May we mark this MM. 

THE WITNESS: This kind of a chart is based 
on the number of points that people have measured 
for quite a variety of different percentages. 

MR. SPRUNG: “Mike, mike. 


THE CLERK: One chart marked Defendant's 


(So marked.) 

BY MR. SPRUNG: 

¢ Dr. Ingham, we have heard reference made to 
heat of solution as compared to heat of reaction in forming 
intermetallic compounds with respect to reaction between 
nickel and aluminum. 

Would you explain your understanding as to 

whether there is such & difference? 
A My unéerstanding is if any aluminum is meited into 
nickel it is a reaction. The concept of solution is one | 
of a lot less heat and does not apply tc this case. i 


If there was solutian going on without a reaction 


then this amount of heat would be very iow, and then af it 
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reached some point where some kindof reaction did occur *)en 
it ‘would start going up. 

The curve would not be a straight line like this 
if there was a difference between a solution heat 


and a reaction heat in this case. 


3 (continued next pace.) 


9 


Rose flwg, 
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DIRECT EXAMINATION 


BY MR. SPRUNG (Cont'd): 


4 Q Would you point out on this chart which you 
; have made where, at what per cent, aluminum A, or 

6 what we call stoichiometric nickel aluminide might occur? 
7? A Well, there are different stoichiometric ~~ 

8 Q Well just one, pick the first percentage 


point. 
10 A The Ni3Al is at 25 atomic per cent. 


2 Does the heat -- 


That would be here. 


13 Q Why don't you write that in on the chart? 
4 Doas the neat increment by the reaction 

7] 
15 betweer nickel and aluminum change in any manner as y+% 


16 pass that point? 


V7 A There -- there is -- there is eeeentially no change 
18 in the increase in heat as we enter into this stoichicmetric 
9 Ni7Al area. 

20 Q Suppose we add three weight per cent of 

a | aluminum and react it with nickel, 80 it is at a point 


2 | between the point you marked, 3700, and the sero per cent 
23 || aluminum, is that reaction in accordance with your 

| at) 
os | understanding one which forms an intermetg#ic compound? 


\\ 
Yes, 4t would be an intermet¥ic conpound here at 
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three per cent. 

Q Als right, doctor. 

Now, doctor, referring to Exhibit MK and 
point ox No. 6, where you have the particle molten, 
is that the form chat the particle is when it strikes 
the base ox sv’ 3 ate to for: a coating? 

h I would consider that the particle is either at 
condition 6 *r possible at condition 5. 

9 Now, accoréing to your observation in 
spraying these materials, they self-bond when they strike 
the substrate? 

A Yes. 

Q Is it your opinion that it ire the heat that 
is caused between the exothermic reaction between the 
nickel and aluminum which solely accounts for this bonding? 
BK It can't be the heat by ixcelf. 


What, according to your understanding, is it, 


I don't understand what it is. 

Q Is it something special between the nicke? 
and aluminum or == 
A It must be related to the reaction possibly still 


going on as it is hitting, but it was heat alone, heat 


along, is something that we can and have put in by spraying 


¢ 


- 4 
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hotter, and that does not cause self-bonding. 

Q Well, how about oxidation of aluminum; 
according to your experience will that aid in self-bonding 
a flame spray waterial? 

A No. For instance, aluminwn itself has been sprayed 
for many years and it is not self-bonding, not considered 
a self-bonding material. In fact, it is well known that 

it requires spe..' (1 -- a specially good surface preparation 
such as grit '':' ing in orier to get a good, well bonded 
coating of alumis m, 80 aluminum does not adhere well. 

If we spros aluminum hotter so that it burns 
more, that's very obvious -- it is very obvious that it 
ig burning more wien you do spray it hotter because you 
can see the srioke and the flame and that does not 
improve the situation. 

Q Frew your experience in flame Spraying can 
you tell in spraying aluminum or aluminum-containing 
material when alwainum is burning or oxidizing? 

A You can certainly see the smoke going in. 

Q And that burning phenomena, to your experience, 

does it or dcasn't it aid in bondiny? 
A Generally it is a detriment. 
9 iow, have you ever conducted any tests in 


which you flane sprayed particles and caused them to 
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heat or get hotter by an oxidation reaction and determined 
whether they were self-bonding? 

A Well, we have taken a number of materials and made 
thew very similar to Metco 450; in other words, taken 
another material besides nickel and clad aluminum particles 
on, and trieé that to see whether it would aid in bonding 
or cause selfrbonding of the -- of the materia.. 


Wwe have taken -- we've done a number of different 


Q Would you describe for the Court some of 
those tests? I might refer to Exhibits KU, KV and KE-9. 

THE COURT: Are those in your exhibit books? 

No, I guess net, 

MR, SPRUNG: These are physical, Judge. 

I refer to KU first. 

THE COURT: What material ia that? 

THE WITNESS: Let me start ectually with 
KW. KW is aluminum powder. 

THE COURT: Just plain -- 

THE WITNESS: Just plain aluminum powder. 
It's a product we sell. It's sized --size 
distribution approximately according to the 
size of, let's say, Metco 450, And what we did 


was to spray that on to a panel and then spray 
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on a -- we sprayed on about five mils 
thickness and then spray on an overcoat of steel 
to see whether it would have any action in bond- 
ing the steel, and the coating started pulling off 
«- it looks like about 10 mils thick of steel 
started to pull off this aluminun, 
BY MR. SPRUNG: 
Q What bond strength would that be if it 
started to pull of* *t 10 mils? 
A That would be zero bond strength because we 
wouldn't be able to put 15 mils on to run the test. 
Q Now, would you describe your next test? 
A The next test is that same aluminum powder clad 
with the same kind of real fine aluminum powder that is 
used to clad the Metco 450. 

‘HE COURT: In other words, two different 
sizes; is that it? You are talking about two 
different sizes of aluminum powder? 

WITWESS ; 

: Yes, the KW was sprayed with 


tha product that we-sell as 4 flem spray aluminum 


3h 
powder. That is size plus 325 measure. Whereas 


now I am talking about cladding it with the 
powder that we use to make the 450 powder with. 


Ne, 
That's very much finer than 325 maa teen 


JA 813 = i s66 


6 Ingham - direct 
BY MR. SPRUNG: 
Q Dr. Ingham, is the second sample that you 
are just referring to, is that a composite? 
A That is a composite. 
THE COURT: Now, when yeu say “clad,” you 
mean using the same kind of binder? 
THE WITNESS: Yes, using the method in 
Column 5 of Example 31 and using the sane 
procedure. 
Q Would you explain to his Honor the structure 
of this particle in relation to Number 1? 
- Well, this would look about like Number 1}. 
Q Except. that would be the statistics? 
A Except it would be an aluminum core and aluminum 
on the outside. 
Q That is KU? . 
A KU was sprayed with that clad powder. And then an 
effort to overcoat the steel again, and it gave about 
the same result as KW, In other words, the coating left <-- 
Q I'm sorry, I didn't hear. What was it 
left at? 
A KU gave about the same result as KW. In other 


words the coating lifted when we overc ted. 
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BY RR. SFRUNG: 


3 Q And what would be the hond strength of that 


, || material? 


5 || & That too would be a sero bond strength. 


P Q Would you describe your next test in relation 


5 tothe -- I guess that’s KV? 


3 A ‘KY was eprayed -< 
9 Q Would you explain what it was that was -- 
A  e- with a powder mee of nickel oxide as a core 


1 | material clad with the very fine aluminus. 
rc THE COURT: I see, nickel oxide is like a 
| 


metal, is it? 
TRE WITNESS: Nickel oxide is -- it’s an 


| oxide metal -~ no, it's a ceramic, really. 


7 Q Can alg@minum react -- 
7 | A Hoe : 
- | . Q -- vith nigkel oxide to form an intermetallic? 
c 
A Actually chat would fail into the clase of the 


| type of reaction. Ie is possible fe alusinum and nickel 


oxide -~ 
Q I said to form an inter: otaliic? 


| A No, not to form an incarmetallic egmpound. Mickel 


oxide is not a met&l and there is no intermetallic compound 


formed. 
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THE COURT: All right, so that’s nickel 
oxide core, is that correct? 

THE WITWESS: That is correct. 

TRE COURT: Clad with the same fine powder 
that you previously described? 

fHE WITNESS: Right. I might say that in 


each case we were cladding by -~ to give the same 


volume per portion of aluminum to the core as we 


would get in the 450, and that's not the same 
weight percent in each case, but it was designed 
to give the effective geometry. 
THE COURT: Okay, now, what happened? 
Q Will you tell us the result? 
A The resuit was this barely adhered at all, and flaked 
eff. We started to try -- what was there, we started to put 
gome stvvl overcoat, and that immedietely took it off. 
Q. When you use the words “it barely adhered,” 
do you make a distinction between self-bonding and adhering? 
a Well, adhering is not meant to be self-bonding at all 
in this situation. 
Q Ané what is KE-S7 
THE COURT: K-92 did you say? 
THE WITNESS: Lf-9 is another powler in- 
tended ta be a clad -:- in this case sluminum clad 
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onto aluminum oxide. Now, there should be no 
combination at all there, no combination 
reaction of any sort, so if the alunzinum was to 
do any good by buruing that might have caused 
this to self-bond. But it did not. Theres was 


no adherence at ail. 


Q And what is your conslusion as based on these 
teste as to whether the clad aluminum in connection with the 
450 or the Exotec oxidizes when sprayed or reacts with the 
aluminum when «prayed in order to form a self-bonding coat? 
A Well, my conclusion is when we make efforts to clad \ \ 
a particle where there can be no intermetallic reaction, 
then we get no bonéiing, so I conclude that it must require 
that reaction to give us the bonding, and that the other 
possibie mechanien, which is burning of that aluminum on 
the cutside, does not cocur. 

And I might say that in spraying all of these clad 
powlers that I've talked about, KU, KV, EW, KE-9, they smoked 


a lot when sprayed. 


ok 
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New, De. Ingham, I believe you were present in | 
Court when Pe. Grant testified as to his theory as what 
occurred woon the Exetec or Metco 450 was sprayed with the 
separation of the aluminum particles ca the outside of the 
nichol patticies ard their separate exidation? 


A 


Q in your opinion is there a possibility that 


that occurs? 


T doen't think that kind of situation can occur, 
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| 

because of some of these experiences, not mly from my pase | 

3 | flame spraying but in — particular tests with cladding | 
| 


various powders with aluminum. 


If aluminum was causing materials to be self-bond ing 


in 


by that mechanism, it should cause these others to be self- 


bonding. 
And also I in each of these cases observed the smoke 


that's generated. whereas in the 450 type of material the 


smoke is very min’mal. 
Q Now what if we take a mere mixture -~- have you 


done that, a mixture of aluminum powder and nickel powder, 


and spray it? 


A Yes, I've done it. 
“@ What is the appearance when you spray that? 
It smokes quite heavily. 
Q And that indicates what to you? 


A Tt indicates that the aluminum is burning in the case 


of that mixture. 


9 | 
20 Q And is that material self-bonding? | 
“i A That material is not self-bonding. | 
nm Q Now, do you get this characteristic amoking of 

34 burning aluminum when you spray these composite particles | 


which you made and in which the aluminum cannot react with 


the core material to form an intermetaliic compe und? 


Lvl 
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You do get them? 


And you have observed that? 
I have observed that. 
Q And co you ot serve this when you spray the 


normal 450 .%rf© Exocer? 


| 


A »O. As I've been saying, the normal 459 and Exotec 
& ® notably low-snoke materials. 

@ Now, you mentioned that aluminun ~~ 2 be?” we 
you testified in connection with ex'ibit h* -- has a differen 
burning point temperature than the reiting cemrr.ature of 
aluminum? 

A Yes. 

Q Would you explain that? 

A Information on the burnin, e” aluminum would indicate 
that the ignition temperature -- it isa normally quite 
differsnt from 66) degrees. And generally we observe this 
reaction to take place at the melting point of aluminu, 
which is the recognized reaction temperature for the react~ 
ing between nickel and aluminum for the intermetallic com- 
pound, 


(Continued on next page.) 
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Q I see. 

What Go you mean by ignition temperature? 

A Well, ignition in this case would be the burning of 
aluminum in air. The ignition temperature would be that 
temperature at which that burning triggers, initiates. 

Q Now, according to your opinion, if the self- 
ponding effect of the Exotec or 46< powder was caused by a4 
burning or oxidation of the aluminum, could you get such 4 
self-bonding if the spraying were effected in an atmosphere 
in which this oxidation could not occur? 

A You would expect a reducted pond strength if you reduce 


the amount o* oxidation. 


9 iave you conducted any tests to determine whethe 


or not that occurred. 
1A Well, thesa materials are routinely flame-sprayed with 
plasma spraying. We specifically ran a bond test for compar 
ison a little while ago, and got 4 bond strength of 450 -~- oF » 
it was this particular one with Exotec, sprayed in a plasma 
flame-spray gun, using Argon-hydrogen plasma to minimize the 
amount of air. The bond strength there was actually a Little 
higher than the bond strength with the 5-P gun. 

Q Z hand you Exhibit KZ and ask you if that refers 
to the test you just testificd about? 


A That is not it. 
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CALIMAFDE: Do we have that? 
SPRUNG: Yes, that's in the folder. 
COURT: It is in the folder? 
MR. SPRUNG: This we'll mark as KZ, then. 
Why don't I just have the Clerk mark that KZ? 


THE COURT: Well, is that one already marked 


MR. SPRUNG: This is the one we are going 
to offer, but we just put the sticker on the wrong 
paner. 

THE COURT: Is that the right one to offer? 

MR. SPRUNG: We are going to mark the right 
one now, and we will show it to you. | 

MR. GORDON: Will you give us a copy? 

MR. KRAMER: Yes. 

THE WITNESS: KZ is now the test that we 
ran on November 16. It was a controlled bond test, 
meanirg we used the automatic work handling equip- 
ment, and sprayed onto three panels -~ three bond 
specimens, using Exotec 29,904, with the plasma 
gun. 

And the bond strengths there were about 


§300 PSI. 


Q And that is a good self-bonding material? 
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Sprayed in the absence of oxygen? 


MR. SPRUNG: LD. 


THE WITNESS: ‘These are Exhibits LD, LA 
and LB. Actually, there should be one more sheet 


that corresponds to the spray parameters. 
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2 Well, we can £111 that in. 

a These were tests made on several powders 

4 was Metco 450, which is the nickel clad with 

5 about five percent alv..‘r.m. 


I had cwo other ;«vders made up. One of 
these powders was the product known as AVCO 


PP-66, which has been the subject of earlier 


9 testimony -~- 
* 0 THE COURT: PP~66? 

11 VHE WI'TNESS: PP-66. That is pre-re- 

12 acted nickel aluminide, containing five percent 

13 aluminum. 

- Q Is that basically Exhibit ko? 

+“ A Yes, it would be this type of material, KO. 

- Q Was that formed into a composite? 

7 | ay That was made into a composite by taking AVCO PP~66 

18 | and cladding it with about five percent aluminu». 

. | The third powder that was used in this test was the 
| Pa product known as AVCO PP-69, known to be 4 pre-reacted nickel 
, “ alwminide containing 20 percent aluminum. 

o Now, these were sprayed for bona tests much as the 

“ tests run on the 13th of November with automatic handling 

ss equipment and the 5 P gun, spraying three samples of each 


powder, and running the bond strength test. 
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Now, in this series of tests the results were that the 
Metco 450 weve bond strengths averaging about 5,000 PSI. 

The aluminum clad AVCO PF-66 composite gave a bond 
strength averaging about 4300 PSI. 

And the powder which was AVCO PP-69 clad with aluminum 
about five percent, to form a composite powder, gave a 
bond strength averaging about oh, 1500 Pst. 

In other woius, that last one was a substantially 
lower bond strength. 

Q Would you explain to his Honor what in accord- 
ance with your understanding is the significance of these 
decreasing bond strengths with the 450 material composite 
made with P-66 and the corresponding composite made with 
P-69. 

A I think the significance is that particularly with 

the AVCO PP-69 which already has 20 percent aluminum reacted 
into the nickel, tying up most of the nickel reaction, 

that there is less nickel remaining to react with the aluminu 
and therefore it shows this result of a much lower bond 
strength. 

Q Now, if there was an oxidation reaction of the 
aluminum, would that result occur, in accordance with your 
opinion? 


A No, it would not occur because the oxidation that 
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may occur if the aluminum particles are oxidizing or ceccaneains 

to being oxidized they wouldn't know that that core material | 

had some pre-reaction in it and should cause the AVCO PP-62 

composite to give a high-bond strength. But, in fact, it 

did not give a high~bond strength. 
Q Now, referring to the P-66 -- 

PP. 


Q ~- P-66 material which you clad with the alumi- 


9 
10 num powder in the same manner that you coat the nickel, in | 
+ accordance with imaking the 450, is that in accordance with 
. your’ «rstanding a material made in accordance with the 
515 pataiut? 
13 . 
A Yes. The AVCO PP-66 contains five percent aluminum 
in it. 
15 


And the patent recognizes that pre~alloyed powders may 


| 
ni be uced in the constituents. 


I have -~- 
18 | 
1 | Q Any pre-alloyed powder? 
. A Well, provided there is enough nickel to provide an 
effective reaction. 
2) 
| That is what is discussed in colwan 4 around line 12 
22 
23 


| alloyed nickel. 


| 
| 
where they are using iron as an example, iron containing | 
Generally, an alloy of nickel and iron must contain | 
| 
| 
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at least about 12 percent nickel for this purpose. in other 


3 | words, there must be enough nici31 available to further 


exothermic reaction. And that is recognized in the patent. 


5 | Q Now, as to the P-69, toes it have enough vnreac 
| 
6 nickel to -~- 
7 A Judging from these results, it does not have sufficien 


unreacted nickel to give sufficient bonding. 


so fe <) 


Q Do you mean to be left over to react with the 


10 aluminum? 


Yes. 


A 


veer 
————————— 
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Now, Dr. Ingham, I would like to read to you from Dr. 
Grant's cross-~examination with reference to the Haglund patent | 


} 


2,943,951, and for the record, this appears on p*ye 516 of the | 

record, Grant, cross: | 
“Question: And does the petent indicate that a way of | 

solving this ovepien is to flame-spray the molybdenum disilycide 


with aluminum, 30 that the aluminum may react with the sit icond 


| dioxide film, removing this film, and avoiding this problen of | 


| A Except it is broader than that. 


the particles not sticking together when they are flame-sprayed. 
| 
} 
| 
| 


Q Does it say that? We'll get into that. 
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Yes. 

Q And additionally, the aluminum, in doing this, 
does react with the silicone dioxide, is that correct? 

A Yes. 

Q Exothermically producing a little heat? 

Yes, sir. 

And then there were some objections to characterising 
the heat as a little heat, but that isn't pertinent to my 
question to you. 

Are you in agreement with -- number one, are you fam- 
iliar with the Haglund patent? 

A Yes. 

Q And are you in agreement with Dr. Grant's 
testimony that flame-spraying thie material, the aluminum 

| reacts with the silicone dioxide film on the molybdeaus 
| a 


isilycide? 


dioxide, if the aluminum particles are in sufficient proximity 


| 
| A I'm in agreement that it may react with the silicone 


to the silicone dioxide. 

Q Well, in order to react, in order for the alu 
to react with tne molybdenum disilycide -- that is, a silicone 
dioxide film -- would there nave to be contact between the 
aluminum and this molybdenum disiiycide particle? 


A There should be some contact, yes. 


JA 830 


1 4 Ingham - direct 

1592 
2 Il Q I mean, in order for a reaction? 
3 A In order for a reaction, there has to be contact at 


4 one plece, such as in the flame. Particulariy in the flame. 
5 Q Now, is there anything in the Haglund patent 

6 which teaches a closer proximity of the aluminum to the 

7 molybdenum disilycide particles than are obtained between the 
8 aluminum and nickel oxide in the Exotec or 450 type material. 
. A Well, they have several examples here. One of them is 


10 Example 1, where an aluminum is combined with a binder and 


rr molydisilycide . 

12 Q Wall, there, would you have -- Let's just go -~ 
13 There would yo. nave closer contact? 

14 A No, yo. voulddn't have any closer than what's here. 

15 Q is there any reason to assume that if you could 
16 | get contact for reaction between the aluminum and the molybdenut 
17 | @isilycide you wouldn't get contact for reaction between the 
1g | aluminum and nickel in the 450 or Exotec material? 

19 A No, if you are going to get contact in this Haglund- 
20 type of material, and get 4 reaction, why, I should think tha 
i would be all the more reason to think that you would get con- 
tact and a reaction between sluminum and the nickel with 


23 respect to an 2luminum-clad nickel powder. 
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MR. SPRUNG: I'm asking him to analyze 


the graph and the results, and see if he agrees 


with Dr. Grant's conclusions. 

THE COURT: Go ahead. All right. 

THE WITNESS: Well, I have studied this 
graph, or both graphs involved here, numbers 64 
and 65, and I've heard the earlier testimony, 
and I've compared the two graphs with each other, 
I've looked at the daté chat is on the graphs, 
and I see no basis for concluding that this is 
an oxidation reaction causing the -~ the reaction ~ 
to occur on number 64, as distinct from that on 


65. 


(continued on next page.) 
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Q Would you give the reasons by which you drew 
these conclusions? 
A Well, if you compare these two graphs carefully you 
find that the increase in temperature that occurs 48 & result 


of a reaction -- that that increase in temperature starts at 


the same temperature in both cases, which is the -- 


corresponds to the melting point of aluminun, 
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2 

/| 

J 

} 

» | 

| 

| 

10 | 

i 

12 | 
13 | "HE WITNESS: Now, it*s been brought out 
14 | in earlier testimony -- and I would tend to 

15 agree with the fact -~ that burning of the 

16 aluminum, if it occurred at all, might create 

17 more heat than a reaction between an aluminum 

18 and nickel, So that if this was 4 burning 

19 condition, the amount of heat generated by burning 
20 would cause this peak to go even higher than the 
21 Metco 404 peak, if the exotec heating was caused 
= by burning. 
4 Finally, I heard some explanation earlier 


with regard to the height of the final line for 


Metco 404 being higher than that of exotec, and 


cae , \ 
iy i og ; 2: 
{ fas 0% ys ; 


—_ 5 \ 
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I think that is merely because there was more 


; heat generate1 for 404, and that drains off into 
4 the holdina crucible and strikes a higher level 
5 temperature balance overall, 

6 THE COURT: You're speaking of this -- 

7 Tuy YTTNESSs » speaking of this final 


line, yes. 


9 Ti. IOURTs ‘The projection? 


10 nic. WITNESS: Ye2. So that is my analysis 


of thes: <urves. 


12 Q Dr. Ingham, I refer to Plaintiff's Exhibit 71, 


13 which is a plot of the Metco 450 type of material. Did you 


study that graph? 


15 A Yes, I looked at this graph with respect to -=- 


16 particularly with respect to the exotec graph, which is 


17 Exhibit 64, 


18 How, these are supposed to be very similar materials, 


19 similar amounts of aluminum, similar construction. 


20 | THE COURT: Yes, what one is that again? 

21 | MR. SPRUNG: 71, your Honor. 

2 | THE WITNESS: This ie 71. | 
23 THE COURT: Was that in the book or was st < | 
24 | MR, SPRUNG: No, it isn't. This is the | 


one the doctor produced when they requested it. 
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THE COURT: I'm sure I must have a copy, 

but I don't know where it went to. 

MR, SPRUNG: It wasn't in the original book. 
THE WITNESS: Now, in spite of them being 
similar type materials, a careful comparison 

would indicate that twice as muchheat was generated 

by the 450 as the exotec, and that would lead me 

to be suspicious of the tests and consider, 

unless more tests were run to show consistency -- 

at this polit I didr.'t consider it a consistent 

set of remilts, 

Q Dr, Ingham, would you consider in your opinion 
this type of test the best type of test to run in order to 
determine whether an oxidation reaction as opposed to a 
nickelealuminum reaction was occurring? 

A Well, I don't know. The logical thing would be to 


run tests with oxygen present and oxygen not present. 


Q Have you run such tests? 
I have ran such tests. 
Q Would you describe these tests? 
A Well, I ran tests very similar to what Dr. Grant has 


gubmitted here, essentially the same type of data, plotted, 


sansa nsntmcremnsammansmmniit sua smaamaimattatant te rie 
pnrenesepentnsrnenomcnnm nr ene et errs 


and since I did it on a number of samples I thought ic would 


be more legical to show it presented in a plot of a band, 


and that is an exhibit -- 
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PL:6s 
1PM3 2 Q Is this the band, exhibit ML? 

3 A That is the one I'm talking about. 


4 & Would you describe the individual tests that 


5 you ran and how they are plotted on ML? 


6 A I ran tests on differes.:. materials. 


Q When you say different, would you define the 


materials? 
9 A All right, the different materials are the Metco 450, 


10 the Exotec and the Xuperbond. Anu I ran those three under 


argon atmosphere. 


12 Q What is an argon atmosphere? 


x 
| A Argon atmosphere is an inert atmosphere, ifcluding 


14 | air from the furnace. 


| Q In your opinion in an argon atmosphere could 


oxidation occur? 


| A very, very little, because not only are there relatively 


18 | little traces of oxygen that might be there, but here we 


further are expecting that there is the resin binder avail- 


19 | 
20 1 able to keep out whatever air got in. 
21 | Q And what was the next test you ran? 
22 | A The next test was in air, and I ran just one of them, 
23 | and that one -- I ran 450 in air. 
| And then the final test, number 5, I ran Xuperbond 


95 | in hydrogen. I used hydrogen as a further effort, in case 
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there was any question of air being in there hydrogen would 
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be a reducing atmosphere to remove any possible air. 

Then I -- I got -- plotted each one, got a bunch of 
lines. I have shown them all together, and eaid -- 

Q Could you explain from the exhibit -- maybe 
you can go there to the exhibit and point it out -- 
A I think I could do it from here. Just that -- all of 
the -- the points are lines generated by these tests fell 
within this ~-- these bands, and I consider in running several 
tests this way that the width of that band does represent 
the accuracy of the tests, and within that accuracy all of 
the results for the different materials under the different 
atmospheric conditions were essentially the same within that 
degree of accuracy. 

The most important portion of that being the increase 
from the beginning and the peak temperature reached. 

Q These results show that an exothermic reaction 
was occurring in all of the tests? 
A It showed there was an exothermic reaction, because 
heat was generated to incream the temperature. 

Q In your opinion could that reaction have been 
an oxidation reaction? 
A No. 


Q Why? 
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h Well, for the same reasons I was describing earlier, 
the same reason applied here, that the temperature started 
to go up, to the vicinity of the melting point of aluminum, 
and the rates were substantially the sams, the temperature 
was substantially the same. 

Q How about the argon and hydrogen test? 
A And there was substantially the same result as fer 
as the choice of atmosphere. 

Q Could it have been oxidation? 
A It would have been different if oxidation was doing 
eemething under the conditions where there was air. 

Q Could oxidation have ocoourred in the hydéregen 
atmosphere, eccording to your opinion? 
A Mo. 

Q What type of reaction do you conclude was 
taking place as a result of these tests? 
A I conclude that this is a reaction between the 
aluminua and nickel, exothermic reaction, creating nickel 
aluminide. 

MR. SPRUNG: We offer exhibit ML, your 
Honor. 
(Defendant's exhibit ML marked in evidence.) 

Q Mow I would like to show you plaintiff's 

exhibit 63-C and 63-B. Have you studied those? 
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Yes, I've looked at these photo-micrographs or 
phe tographs. I understand these were reported to be scanning 
electron microscope pictures of Bxotec type material. 

Q Do they show anything different than you might 
expect that the clad particles also in the 515 patent would 
look like, made in accordance with example 1? 

A Well, these would be example 31. ‘These look like 
one would expect from making powders according to that 
example. 


Q You would expect them to have that appearance? 


A Packed aluminum around the nickel core. They are very 
nice pictures. 

Q And wovld you expect in general clad powlers 
made in accordance with the description on column 5 of the 
515 patent to have the sama or different appearance? _ 
hs Same appearance. 

Q I show you example KW and ask you if you can 
identify that? 

a KN is a photo-micrograph made at my direction of a 
powder -~- made according to example 31, with 15 percent 
aluminum and it -- it -- aside from the extra quantity of 
eluainum it has about the same appearance as the other 
class of powders that we 1d been talking about. By the 
others, the Exotec and the 450. 
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Q Now, Dr. Inchan, ia the third paragraph of 
that same page, it sys: 

*,...according to Dr. Notec et al, reports 
one to two microseconds as 4 resident time for the 
particles ‘n the flame..." 


Are you familiar with that reference? 


Q Does that report, to your knowledge, cne to 
two microseconds in the flame ~~ 


THE COUNT: What page is that, by the 


MR. SPRUNG: Same page, the third 
paragraph. 
THE COURT: The third paraqraph. 
THR WITNESS: That report says, "one to 
two m-seconds,” the small letter M. 
Q What does that mean? 
That means milliseconds and not microseconds. 
Q What is the difference between a millisecon¢ 
ard a microsecond? 
A Well, the factor of a thousand. The microsecond 
is one-thousandth of a gecond -- I am sorry -- of a 
millisecond -- a microsecond is one-millionth of a second 


-- that is the correction, and a millisecond is 


4 


aiiccdsaedlcadaaeiscmadinateeattadamnaentamten tetdvrmntetennsmnneettarees 
- —— _ te 
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cam tam nn cen mit mm 


oe ta 
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one-thousandth of a second. 

Q How much shorter is the actual time reported | 
than that stated there? 
A He is a thousand times shorter than actually exists. | 

I might say that he has -~ that that is easily 
calculated by anyone that should be familiar with fleme~ 
apraying. 

The particle velocities in a flame spray gun -~ 4 


number of people have measured it -- are of the order of 


hunérede of feet per second. And if you take that velocity | 
and divide it into a typice’. spray distance of say 6 
‘nches, half a foot, or a little bit more than that, then 
you can calculate right away that the time is one to two 
milliseconds and not microseconds. 


You don't have to use a reference to write down that 


number. 


One can proceed to this report -- 


* HK 
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Q Are you going to proceed with the report? | 
A Well, his comment on th» bottom of page 3, observation! 


number 2: 


than PP-66..." when he flame sprayed hoth. 


| 

| 

" ..flame with the nickel powder was somewhat prighter| 
| 

| 


I would go along with his observation only and not 
with his conclusion that it is due to more heat capacity. 

I think it 4s simply due to the varying tendency of 
nickel to ondaice and en in the flame a little more than 
P-66 would do. 

P-66 has some aluminum in it which will help protect 
it from oxidation. 

Well, let me go on. 

I find that the microscope examination confusing in 
the comparison, conclusions are drawn with regard to the 
metallurgical structure. And if one is going to draw 
conclusions about metallurgical structure, one has to run 


control tests to compare with. And I do not see thrt. dagres | 


JA 848 


Inghan-direct 
of detail here. 

So I have relatively little comment on that area 
except there is not enough information for me to comment 
about. 

I particularly think --I don't know what he would mean 
for instance, by heat affected alpha nickel particles at the 
top of page 5. 

Under chemical analysis he is comparing two materials, 
spray 29904 and a material called by the number of Lot 165C. 

165C is a powder he said he made of the aluminum 
clad onto the AVCO PT-66. G 

Now, the AVCO PT-66 is a core powder in this case, 
containing 5 percent aluminum already reacted into it. 

These results would indicate that somehow the aluminum 
is entirely removed. 

That powder would start off with 5 percent of aluminur 
in the core, another 5 percent on the cladding; that would 
leave 10 percent. 

On the final coating he gets a measurement of less 
than one percent. 

Now, there is no comparison, for instance, with a 
chemical analysis on spray PT-66 to see whether that aluminunx 
was lost to any extent. 


And I would tend to believe from this, as well as 
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other - through the experience I have had with trying to 
get chemical analyses of small amounts of aluminum and nickel 
-- and small could be in fhe 5 to 10 percent range ~~ it is 


hard to measure. 


may be wrong with the measurements on down to bond strength. 


And I think this would be some indication that a 


He does obtain some bond strength between the 29904 
and the 165C in directly comparable tests presumably, and tha 
does correlate with my own results where aluminum clad F7-66 
can be of good bond strength. 

Q Does the lot 165C have a nickel core which coul 
react and form an intermetallic compound with an aluminum 
cladding? 

A Yes, that is according to the patent, alloid or 
reacted with some alvininum, but there is sui’ ient nickel 
to react further with the clad aluminum. 

That is described as possibly within the patent. 

I think that would cover most of the report. 

Q Now, have you read the conclusions in the 
report, Dr. Ingham? 

A Yes. 

Q Do you agree with those conclusions? 

A Well, I generally disagree with his conclusions. 1! 


think they are based on data and observations which can -- 
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are either wrong, such as these measurements of particle 


separations, speeds, or are conclusions taken in the wrong 


direction from observations. 


I did not -- For instance, conclusions 1 through 4, 
I,do not see any basig in his report for concluding that way. 
: Q Dr. Ingham, have you attempted to spray a mere 
mixture of coarse aluminum powder and finely divided aluminum 
powder -- nickel powder? 
THE COURT: I thought that was covered this 
morning? 
MR. SPRUNG: No, this is not. 
THE COURT: A mixture of coarse and fine 
aluminum? 
MR. SPRUNG: Mr. Patel testified he 
couldn't spray this mixture in a rototec gun. f 
want to extablish that was done -~ 
THE WITNESS: Well, after Mr. Patel's 
testimony -~ 
MR. SPRUNG: Yes, all right, go ahead. 
THE WITNESS: -- we had a day off. We 
went back and mixed nickel core powder with 5 
percent aluminum powder, without any binder, 
and sprayed it with a rototec gun. 


Now, it was difficult to spray- However, 


A 


JA 846 
: 1627 


Ingham-direct 
it was possible to spray just by tapping the side 
of the gun, so we were able to try to get a coating 
with the rototec gun. 

THE COURT: I am sorry. I missed something. 

I thought you said coarse aluminum -- 

MR. SPRUNG: I am sorry. I was correcting 
myself. Nickel. 

THE WITNESS: The same constituents as 
450 woule ‘e made out of. 

Tih COURT: Yes, I understand. I 
remember ..ur saying this morning -- 

TW WISNESS: I did say it in another 
context. 

THE COURT: Yes, I know that. 

‘ lt, Mr. Sprung said aluminum and 
aluminu®. 

Aii right, so you mixed the coarse nickel 
and fins « iuminum powder and sprayed it ina 
rototec jul? 

1% WITNESS: In a rototec gun. 

Are: we have a panel here -- 

Q x refer to exhibits KY-1 and 2. 


KY-1 was «hat we were able to spray with the 


rototec gun by t3oping the gun, while spraying, we were 


i 
| 
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able to get it to feed and to get a little coating. I had 
an overcoat with steel to some extent and it lifted off at 
some 10 mills thickness. 

Q What would be the bond strength. 

I wouldn't be eae measurable bond strength. 

Q What is K-2? 
A K-2 was a repeat, only using the N gun with which we 
had no problem feeding it. 

And the powder again produced a coating. 

We put an overcoat on and that lifted, indicating no 
bond strength. 

Q That is KY-2? 

Yes, KY-2. That is what I was just referring to. 


MR. SPRUNG: May we have the panels that 


Mr. Patel sprayed (addressing Mr. Calimafde.) 


Plaintiff's exhibit 77. 
MR. GORDON: It may take some time. 

Q Did you examine the panel which Mr. Patel 
reported he sprayed using his blend containing the secret 
ingredient? 

A Yes. 
Q Is there anything you noted about that? 
THE COURT: What is the exhibit number? 


MR. SPRUNG: The exhibit number of the 
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secret ingredient is plaintiff's exhibit 77. 
We do not have the panel that was sprayed 
with it. 
THE COURT: I see. 
THE WITNESS: Let's wait for the panel. 
BY MR. SPRUNG: 
Q I would like to show you defendant's exhibit 
KS, KT, KQ, which I believe are all specimens that Mr. Patel 
testified that he sprayed during his test. 
Is there anything you can note about those? 


(continued on the next page.) 
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Well, these have been over-heated. 

Q How do you know that? 
A You can tell from the blue color. That is an 
indication that the panels have been heated at least to 5 
or 600 degrees. 

Q Would you compare that with some of your own 
sprayed examples? 
A Well, we were careful notto overheat. And these panel 
don't have that blue color. 

Q What could this overheating of base do? 
A Well, it can affect the bonding. In some cases, 
for instance, if there is free aluminum present, it might 
cause the aluminum to stay on better. 


Q It would be like a fusion? 


+ 
A Possibly we think it is through the thermi¢ type of 


reaction where when the iron oxidized, the aluminum can then 
react with the iron oxide. 

Q Now, I would like to refer to defendant's 
exhibit'’K, which is the Handbook for Users put out by the 
plaintiff for the Rototec process, and would refer you 
specifically to the sixth page of that booklet. 

Do you find any instructions concerning 
overheating and how it is detected? 


B Well, it is recognized, and I certainly would 
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recommend to the industry not to heat the substrate up to 
such temperatures. And cooling procedures for the work piece 
such as blowing air at it or stopping periodically to 

allow the panel to cool off, those procedures are normally 
used. 

Indeed, this particular document is a Rototec document 
part of what is called the Handbook for Users. It is 
exhibit FK. And on page §9642 -- 

THE COURT: 2 or 3? 

THE WITNESS: 2. 
B (continuing) -~ Eutectic recommends that the 
temperature be kept below 500 degrees. 

and it has in big letters here: “Remember, if heat 
tfinting or discoloration occurs, the workpiece is being 
unnecessarily heated and improperly Roto-coated.” 

Q Now, the panels which you just examined, are 
KP, KQ, and KS heat tinted? 

A These are heat tinted. It shows that the panels went 
substantially above that 500 degrees. 

Q Now, I refer to defendant's exhibit KR and 
plaintiff's exhibit 78 which are ~~ KR being an agglomerate 
of particles of aluminun, agglomerated with aluminum powder, 


and plaintigf's exhibit 79 ins a blend of 5 percent 
“i 


aluminum with 95 pempent jppome) ido you note any heat tintine 
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on those panels? 
A These are both heat-tinted quite substantially. 

And in both cases, free aluminum would be present and 
one would expect that high temperature to change the results 
of any bonding tests that were being run. 

Q Now, Dr. Ingham, have you studied the prior 
art references which have been introduced as exhibits in this 
matter? 

A Yes, I have. 

Q Wow, based on your study, dv avy of these 
prior patents or literature references disclose a self~bonding 
material? 

A None of these apply to self-bondaing materials. 

None of these disclose material or teach a material 
which is effective as 4 self-bonding material. 

Q I refer you to United States Patent 2,588,421, 
which has been noticed by the plaintiff, but has not been 
referred to during this trial. 

Does that relate to self-bonding material? 

That's Shepard? 

Q Yes. 

That refers to a self-bonding material. 


Q What material is that? 


The Shepard patent is one that refers to 4 self-bonding 
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material and that refers to the molybdenum wire. 
Q Now, Doctor, in accordance with your opinion -- 
THE COURT: Is that patent iy, Shepard? 
MR. SPRUNG: The Shepard patent was cited 


by the plaintiff, but 1 do not believe they put 


in specific testimony as to it. 


THE COURT: Well, may I say -~ 

MR. CALIMAFPDE: That patent has not been 
cited by us, your Honor. 

MR. SPRUNG: Well, it was put in your 
282 notice. 


THE COURT: Well, we agree it is not in 


MR. SPRUNG: Well, we will introduce it 
then as our own exhibit. 
MR. KRAMER: JC. 


MR. SPRUNG: Why don't you put a tag on 


Will you mark this? 

WHE CLERK: Defendant's exhibit JC for 
identification, United States Patent Offices 
patented March 11, 1952. 

Ané it is Jc for identification. 


(80 marked.) 
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Now, have you studied this Shepard patent? 


A I am familiar with it, yes. 

Q What does it disclose as to self-bonding 
material? 
A This discloses molybdenum -~- 

MR. CALIMAFDE: Your Honor, since we are 
not relying on the patent, ft really don't understand 
its relevancy. 

Why discuss patents which are not cited 
as part. of the privr art? 

MR. SPRUNG: We are showing invalidity. 

We can show that there is no similarity in 
characteristics between the only previously known 
self-}.onJing material and this new self-bonding 


material. 
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Now, do the nickel aluminum composites in 
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accordance with the 515 and 248 patents have any similarity 
in structure or features to molybdenum wire? 


A They have nothing in common. Molybdenum is a 


steal type of material and it has no similarity other 


than being metallic with nickel and aluminum, or with nickel 
aluminides, or with any exothermic reaction concept that 
might occur een nickel and aluminum. 

Q Now, I would like you to refer to the Gutzeit 
et al patent, which is2,908,589. 
A Yes. 

Q Would you tell us very, very briefly, what that 
patent relates to? 


(continued on the next page.) 
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Well, this is the utilization of a waste product from 
= chemical plating bath and that product consists essentially 
of nickel phosphorus material. 

Q What is a nickel phosphorus material? 
A A nickel phosphorus material is what is referred to as 
an ponees ee material. It is essentially nickel with some 
10 percent or so phosphorus. And that phosphorus is a that 
nickel as individual atoms dispersed in the nickel. 

Q Is the nickel phosphorus material a4 composite 
according to your understanding? 
A It is not. a composite because phosphorus atoms are 


dispersed individually as atoms within the nickel. And 


phospharus is not there in any separately physical form such 


——e 


as a composite would refer to. 

Q Noy, were, to your knowledge, nickel phosphorus 
materials such as nickel phosphorus alloys known in flame 
spraying? 

MR. CALIMAFDE: When? 
MR. SPRUNG: Prior «7 1960. 

I don't know of it. 

Q Do you know that they are known today? 

A I do not know of them being flame sprayed materials 
commercially. 


Q I am not talking of the Gutzeit material itself,| 
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but I am talking about the use of nickel phosphorus alloys. 
A Nickel phosphorus is used or has been used on occasion 
although not extensively that I know cz, but it has been vsed 
as a self-fluxing alloy type of combination. 

Q Has it ever been used as a self-bonding material? 

No, it has not ever been used as a self-bonding material 

Q I will read to you column 7 beginning on line 1 
of the patent. 

What is your understanding of that statement? 

A Well, this is the statement starting about line 15 
on column 7: 

The nickel phosphorus alloy of the coating is very 
advantageous in that it has a relatively low melting point 
normally in the range 880 to 950 degrees C. 


Ana the phosphorus contert thereof acts a8 a de- 


oxidizing agents resulting in the capability of the molten 


droplets or globules to wet most metals even though they are 
coated with a thin unwettable oxide film. 

That is a description of a self-fluxing alloy. 

Q Does that, according to your understanding, 
have anything to do with se) f-bonding characteristics? 
A No. 

Q Now, I would refer you to column 6 line 7 


where it says, "...whereby it adheres thereto forming a 
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coherent coating thereon...” 
A Well, they are talking about “adhering.” And that 
word “adheres” shows up in the literature, in the patent 


literature quite frequently. And take +t in that entire 


context does not mean self-bonding at all. 


Q Now, is, according to your understanding, 


phosphorus a metal? 


A No. 
Q Now, have you had any experience spraying the 
material as described in the Gutzeit patent? 
A Yes, we obtained some material, and this is the kind 
cf material described in the patent as has been discussed at 
earlier testimony, particularly related to an accompanying 
article that was cited and refers to nickel plating material 
from ei dean process. It is a commonly known process. 
And we contacted nickel platers and obtained some of 
the waste material, as the Gutzeit patent teaches should be 
@.» «= Anda we crushed that up and attempted to spray it. . 
MR. SPRUNG: — Honer, I would like 
to refer ton a notice given of inter~-party tests 
which was dated November 6, 1973, and which should 
pe in the record of the case. 
We say: 


"Please take notige that on the 13th day 


, iinet 


ft 
3 
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of November, 1973, the defendant will conduct 
a series of tests and experiments the subject 
matter of which they plan to introduce into 
evidence in the above-captioned case at its main 
offices and plant at Westbury, New York. 
"you are invited to attend." 
BY MR. SPRUNG: 
Q Now, was this spraying of the Gutzeit material 
conducted at this inter-party test? 


A Yes. 


Q Now, I hand you exhibit KA and KB and ask you 


if you can identify those? 
A KA is the receipt when we obtained the Kanigen type 
of material. 

KB is a technical bulletin received at the same time 
which discusses the material received and refers to it as 
Kanigen. 

MR. SPRUNG: That technical bulletin was 
marked with the name of the Keystone Metal Finishers 

Inc. 

I believe that appears on the back. 
THE COURT: What is it that is on the back 
of the book? 


MR. SPRUNG: Keystone Finishers, Inc. 


JA 860 
Ingham-direct 1642 
THE WITNESS: That is where we obtained 
this receipt for -~ 
MR. SPRUNG: And I would like to say fr 
the record that we supplied an example of the 
material as we obtained it and powder to plaintiff. 
THE WITNESS: This bulletin also refers to 
the General American Transportation Corporation 
which is the company that the Gutzeit patent is 
assigned to. 
Q Would you describe during these inter-party 
the spraying of this material? What occurred? 
A Yes. As I say, we crushed up the powder and screened 
4t to the size described in the patent and sprayed it onto 
smooth ground panels in order to look for any self-bonding 
properties. 
Q Well, did you note self-bonding properties? 
No. 
Exhibit KE-1 is & result of one effort where we made 
passes back and forth. There is only 4 small fraction of the! 
panel that has any coating stuck to it. 


Q What is KE~4? 


A KE-4 is the same material sprayed on a grid-blasted 


surface, that is, 4 surface prepared in the normal roughing 


manner, and that it did achieve a coat. 
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MR. CALIMAFDE: I didn't hear that. 
(Record read.) 
Q I refer to KE-3. What was that? 

A KE-3 was another sample sprayed onto a smooth ground 
steel -- I mean it was another panel smooth ground steel 
that we sprayed onto and then in order to test it as a self- 
bonding material, overcoated with stea, and the steel lifted 
with a very thia coating of steel. 


(-r:.tinued on the next page.) 
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2 | Q Would you say the bond strength was, in the 
Kanigen material, made in accordance with the Gutzeit? 


‘i sd It ranges from not even possible to get it ta stick to 


5 patches which have zero bond strength. 


6 MR. CALIMAFDE: What was that? 

7 THE WITNESS: To zero bond strength panels. 
8 To portions of panels that might have some stuck 
9 to it. 


MR. CALIMAFDE: I thought I heard him say 


that one did stick. 


12 THE COURT: You heard that earlier. 


Yes. 


WITNESS: 
+ 
14 THE COURT: KE-4 grid-blasted surface dia 


Le = ene — oe erate A hl 


I think that is what you were 


achieve a coating. 
referring to. 


17 BY MR. SPRUNG: 


18 Q Would you compare, based upon your study of 


19 the Gutzeit patent, your experiences with the material, that 


material and its flame-spraying with the material of the 515 


patent? 


22 A Well, this Gutzeit material is not a composite. It is 
23 not formed of two metals and it is not self-bonding. 
24 Q Is there anything in the Gutzeit patent which 


relates to nickel and aluminum? 
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A There is nothing whatsoever. It refers only to nicke 


and phosphorus. 

Q Now, I would like you to turn to the Bradstreet 
patents 2,904,449 -- well, before I turn to the Bradstreet, 
let's assume that when you sprayed the Gutzeit material, heat 
was generated during the spraying, would that aid in bonding? 

A % didn't. : 

Q All right, returning now to the Bradstreet 
patent, would you tell us again as briefly and as distinctly 
as you can, what that patent discloses? 

A Well, the Bradstreet patent concerns spraying of oxide 
which are ceramic materials. 

And it gets into some discussion of how you raise the 
temperature of the flame in order to better spray oxide 
materials, since these are what they call refractory oxides 
and have a fairly high melting point. 

So that is the basic trend of the patent. 

Q Are you familiar with the flame spraying of 
refractory oxides such as aluminum oxide? 

A Yes, these are in flame spray materials. 

Q Are they self -bording? 

They are not self-bonding. 

Q Are there bonding characteristics? 


They bond relatively poorly. 
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2 Ceramics must have a good, a very good surface 


| preparation in terms of roughening. But actualiy, very 


| commonly, a metal is put on underneath, particularly a self- 


} 


4 


5 || bonding material. 
6 Q Now, is there anything taught in the Bradstreet 


7 || patent that -- which couid make these refractory oxides self- 
8 | bonding materials? 

9} A There is nothing in here which can make them self- 

10 || bending or which even gets into the subject. 

W Q How, during these inter-party tests, have you 
12 | prepared and sprayed any Bradstreet type materials? 

13 | A This carries a little deeper into the Bradstreet patent 
14 In regard to the teaching of the patent to increase the 
1s || temperature of the flame, they speak in column 4 -- excuse 

16 || me -- colum5, in and around paragraph 36 and on: 

17 "still another technique which is affective to raise 

18 || the temperature of the particles of the flame is that of 

19 || adding a material to the composition which will undergo an 

20 || exothermic reaction while in the flame. 

Specifically certain metals. can be added to the final 
29 | @ivided form of the oxides or sources of oxides injected into 
23 || the flame. And such metals will undergo an oxidation which 
24 | effectively raises the temperature of the particles in the 
flame. Particularly preferred for this use is eluminun 
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powder which becomes oxidised." 

And on line 48 or so, it speaks of 5 to 7 percent of 
the composition. 

Now, I had several combinations tried in order to 
test out anything that might be in Bradstreet for self- 
bonding. 

Q Would you describe what material is set forth 
in this portion you just read? 

BR This was sprayed on -- 

Q Well, tell what was sprayed. 

This ie KE-8. Exhibit KE-8. 

I made up a blend of standard aluminum oxide flame 
sprayed powder. It happened to be our product METCO 101. 

I made a blend with 7 percent of aluminum such as is 
suggested on line 48. 

And sprayed that. And this panel is the result. 

This is Exhibit KE-8. 

We took one pass, that peeled right off. While we 
were making a second pass, more material went down undernea 
the first pass. 

Q What is the bonding strength of that? 

A That is sero bond strength. It is 4ust a fils of 


the coating falling off at this point. 


Q _ Now, spraying this material, 4id you notice 


Warn 
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anything? 
3 A There was smoke generated through the burning of the 


aluminum. 
2 Q Did you you notice that when the exothermic 


6 material or METCO 450 is sprayed -- 


7 A No. That differs inthe degree of smoke. This is 


much more. 
9 Q Now, I would like to refer you to the Haglund 


10 patent 2,943,951. 
W Would you again, as briefly and as precisely 


12 as you can, summarize your understanding of this disclosure 
13 in that patent? 

14} A All right. This patent discusses the use of 

15 molybdenum disilicide which inherently has on it, due to 

16 exposure to the atmosphem a film of silicon dioxide. 

7 And this patent discloses adding aluminum to that 


- powder in such a way that they want the aluminum to react 


19 with the silicon dioxide fila. 

20 Now, that would be the kind of reaction I had spoken 
21 of earlier, with respect to iron oxide, for example, where 
the aluminum reduces or itself becomes oxidized by the 

23 oxygen that is available from the silicon dioxide. 

That silicon dioxide is there in a solid form. 


(continued on the next page.) 
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9 Now, is there anything in this patent that the 
material is or might he self-bonding? 
A There is no indication in this patent with regard 


to that kind of bonding. The closest it comes is speaking of 
sintering together of the particles. 
Q What is sticking together of the particles? 
A That's sintering together of the particles, is the 
particles with each other building up the coating, as 


distinct from any combination of the particles with the 


substrate material. 


Q Now, have you been during these interparty 


tests, tested the liaglund material? 


A We made up a powder, I mig't say with some difficulty, 


according to example 2, following as closely as. we could 
the teaching of the patent and that example. The only 


exception was that we did not have the material known 


as TASI 2 that's on line 59 of column two, that these 


should be in there in three percent. 
The patent teaches chromium silicide as another 


altnerative so we substituted 3% of chromium disilicide. 


We compacted the powder mixture and sintered it in 


an atmosphere of hydrogen at 1200 degrees C and then 


crushed it up and screened it and then sprayed it on the 


day of those tests. 
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Qo And what were the results? 
BR In several sets of tests none of the powders or none 
of the powder was self-bonding. I might say that they teach 
a minum 325 measure powder. We sprayed that and it 
didn't self-bond, just -~ 


That's Exhibit KE? 


What's the bond strength of that material? 


And what other form did you -~ 

A Well, we also, since that didn't seem to me to be 
a logical size to use here, produced a coarser powder 
and sprayed it, and it gave similar results: No bonding. 

Q Zero bond? 
A gero bond. Also, since this powder was smoking rather 
violently under the conditions that we were using, which 
was the Metco end gun, we switched to our 5P gun, which 
has the versatility of -- of allowing the cooler flame, 
using hydrogen gas for fuel -- that's not as high temperature 
flame and is commonly used for spraying aluminum -- with 
that set of parimeters we sprayed this Haglund powder 
and again got zero bonding. 

Q pid at any time you make a material as 


described in example 1 of the Haglund patent? 


4 
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A Yes, we made up a material as described in example 1. 


Thet's by taking the several statistics, blending into 


a powder and than blending with Polyethelene and extruding 


into a ies. tok 

We did hot run this theday of the 

(a) I aive you Fxhihit LH. What is that? 

A LH is a piece o’ the wire that we made up. I might 
say that it's gotten brittle. It was more flexible earlier. 

Q And did you spray that material? 

Yes, this was the material sprayed, 

Q And what was the bond strength? 

That provided zero bond too. 

Q In your opinion, is there anything in the 
Haglund patent which could teach you how to make a4 self- 
bonding material or indicate to you how to make a self- 
bonding spray flame material? 

A No, they don't teach in that direction and the 
materiais from that patent don't show any signs of self- 
bonding. 

Q Now, Haqlund does teach, does it not, a composi 
of components which will exothermically react? 

AR Yes, that's the reaction between the aluminum and 
silicone dioxide. 


Q And what would that lead you to conclude 
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with respect to bonding and the features of composite form 
and exothermically reacting form? 
A Well, this would show in conjunction with the rest 
of the picture that exothermic reaction isn't by itself 
what causes self-bonding. 

Q Now, I would like you “o turn to the Montgomery 
patent, which is united States patent 2,775,501, and would 
you again give us a very brief and concise description 
of your understanding of the disclosure «* that patent? 

A fhis involves a material for flame spraying which 
they call a ceramic metal -- that is it would be a composite 
powder, each composite particle made up of a metal and 
a metal oxide, the metal oxide being a ceramic again. 

And the whole patent is just based on spraying 


ceramic-metal type materials. 


Q Now, have you any familiarity in the flame 
spray field with ceramic-matal . materials? 
A Yes. 

Q According to your knowledge and understanding 


are these materials self-bonding? 
A They are not self-bonding. 


Q Is there anything in the Montgomery patent 
which indicates a self-bonding material or how to make 


such a material? 
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A I would say the contrary, since they refer to 
preparing the substrate, column 2, line 29 and 30, “We 
prefer very much that the surface to be coated should 
be sandblasted before applying the coating.” 

And that would describe to people spraying that 
one should provide the rough surface for a bond, and there 
is no other teaching in this patent that this material 


bonds. 


Q Nov, I refer to column 3 at about line 43, 


where it refe-s to a powder weld oxyacytelene powder gun. 


Are you familiar with that type of equipment? 
A Powder weld type gun refers to the process of 
_gpraying and heating the coating and work piece to a high 
temperature in order to fuse it. 

Q Now I refer to column 4, beginning on line 
27, “Adherence of the coating.” 
A Yes. 

Q What does thatindicate to you? 
A well, in reference to the use of the powder weld 
gun that would mean they are fusing the coating. 

Q And I refer to column 5, beginning on line 15. 
A Well, again at line 15 “Just enough heat is used 
to alloy given coating to a given metallic base,” and 


their method of spraying again at line six is with the 
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powder weld gun. 

Q What does that indicate to you? 
A Again that is spraying and heating enough to fuse. 
And also in spite of that there is at lines 7 and so on, 
"The metal surface to be flame sprayed was cleaned and 
roughened by ashe blasting, to use -=- using a sharp and 
fairly coarse silica sand or silicone carbide grit.” 

Q Now, have you conducted any tests spraying 
the Montgomery type zero metal? 
A Not recently. We have experience ox oe kinds of 
materials. We did do one that was a variation of this, 
where we clad some aluminum on to aluminum oxide and 
sprayed that. That was -- 

Q Is aluminum on aluminum oxide a ceramic 
metal? 
A Aluminum on aluminum oxide would be a ceramic metal. 
Our -- that would -- could be made by the cladding method, 


according to the 515 patent. 


Q And was this sprayed during the inter=-party 


Q And what was the result? 


A The result was a coating. We overcoated or started 


- to overcoat with steel to see what was there, and it 
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immediately lifted off. That would amount to a zero bond, 


strength? And that's Defendant's Exhibit KE 7? 
A KE 7. 

Q Now, at this time did you also spray the 
Metco 450 material during the interparty tests? 

A Yes, sprayed 450, which we have been doing routinely 
as a control, and that panel is KE 2. It has some steel 
overcoated to show that nothing is listed under the condition 
in which all of these overcoats lifted. 

MR. SPRUNG: That is KE ‘2. 

Q Now, I refer to the Schwayder patent, which 
is 3,049,435, and would ask you again to give us 4 
very brief and concise summary of your understanding of 
the disclosure of that patent? 

A Schwayder describes a powder that may be used 

in flame spraying, that powder is a composite powder of 
tungsten carbide coated with nickel or what they call 
nickel nickel phosphide. And that powder is a powder 
which can be used for flame spraying. 

The way this patent is direct it teaches to 
subsequently heat and the work piece -- subsequently or 
simultaneously heat and fuse. 

Q Are you familiar with the type of tungsten 


carbide" in flame spraying? 
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A Yes, powders of this type we investigated some years 


$ ago, and were not very satisfied with the results. We chose 


‘ not to produce or sell a powder of this type. 


5 Q Is this material self-bonding or does it 
6 have any self-bonding characteristics? 

7 A It is not self-bonding to my knowledge. Also 

8 Avoo for a while marketed a powder of this type, and I 


9 haven't heard of it lately, I don’t believe it was 


10 commercially successful. 

nN Q Is tungsten carbide itself used in flame 

12 spraying as a flame spray material? 

13 A Tungstein carbide is a very common material in flame 


spraying. 


Is it a self-bonding material? 


Q 


No, not very well. 


V7 f And how do they effect bonding of tungsten 


18 carbide? 


19 A we effect it by mixing in withthis a self-bonding 
20 type of powder, and exothermic. powder. 

21 Q In accordance with the 515 patent? 

22 A With the powder of the 515 patent type. 

23 Q Now I would like you to refer to the Hensel 


et al patent, which is 2,370,242, and would you very briefly 


25 | summarize that, the disclosure of that patent for us? 
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A Hensel involves powder but has nothing to do with 
flame spraying. It has to do with putting palladium, 
platinum or rhodium layers onto refractory metal powders 
guch as tungsten and molybdenum. Here the platinum or 
go on are for the purpose apparently of protecting those 
refractory metal powders. 

Q You say they are not for flame spraying? 


Nothing here says anything about flame spraying. 


Q In your opinion, if this type of material 


were formed into a flame spray material would it be self- 
bonding? 
A No. This patent also goes into the coating -~- in 
order to produce their powder it goes int the coating of 
the core powders by first coating the powders with a 
disbursible adhesive then dusting the adhesive coated 
particles with the protective metals in powder form, and 
subsequently heating the coated powders. 

I think this patent uses the terminology of referring 


to powders made with an adhesive material as coated powder. 


(continued next page.) 
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Q Now I'd like to refer you to the Bleakley 
patent, which is 2,231,247, and again give us a very brief 
and concise description of your understanding of its dis- 
closure. 

a This -- thie patent involves flamespraying of a wire, 
a composite wire which is made up of copper sheath with 
lead in the middle, and specifically concerns copper and 
lead, or at least combinations which will not mix together - 
copper and lead are examples of two metals which will not 
mix at all, known as immiscible or non-miscible. And the 
purpose of this patent appears to be to obtain a coating 
containing both materials, and obtaining it without the 
problem of -- that other methods might use or might get 
into because of this lack of this ability. 

Copper and lead certainly do not ewthermically react. 
Neither are self-bonding. The coating would be a mixture 
of both, and the coating of the combination would not be 
gel f:-bonding. 

Q But the spray material is a composite? 

The spray material is a composite. ; 

Q Does the patent teach pu anything as to the 
relationship between composite form and seif-bonding charac- 
teristics? 


A No. 


Q Does it teach that there is or is not a rela- 
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They don't get into it. 

Q Now I would like to refer you to both the 
Gralar and Hers patents, which are 2,910,346 and 2,884,688, 
and maybe for the sake of brevity you could treat beth of 
these patents together. 

Tell us basically what your understanding of 
the disclosure of these patents is, 


A Well, they both concern nickel and aluminum. Neither 


of them concerns flamespraying and they are both concerned 


with making nickel aluminide or nickel-aluminum alloys. 

And they apparently exist because there are problems with 
the exothermic reaction, and each patent goes its own way 
in teaching how to solve the problems of forming the alloys 
in spite of the problems of the reaction. 

Those are the gists of those patents. 

Q Would these patents indicate to you anything 
which you might use in determining how to form a nickel. 
aluminide coating in flamespraying? | 
, No, neither -- well, the closest it comes is one of 
them happens to have as an intermediate step the existence 
of some powder, which is subsequently compacted. Possibly 
that could be concerned. But that is not the thought here 
at all. 


Q Well, having these patents in front of you, 
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as one skilled in the art would you consider attempting to 


make the nickel aluminide in situ during flamespraying, OF 
would you from the teaching of the patents pre-react the 
materials? 
A These patents to pre-react, because they would indi- 
cate that there are problems with reaction and that one 
should avoid or get around the reaction if possible. 

Q Now, have you sprayed pre-reacted nickel 
aluminide powder? 


PP 69 that you were talking about earlier would 


Is that self-bonding? 


Q Now I'd like to refer you to the Mackiw patent, 
which is No. 2,853,403. And would you summarize for us 
your understanding of the disclosure of that patent. 
A This is a patent covering a method of making powders. 
The method is the -- what's known as the Sherritt-Gordon 
process, where there is a chemical reduction in a bath, 
causing nickel to plate out onto, or nickel or 4 large 
number of other combinations -- a large number of other 
metals -- onto almost any core material. 

f@) From your study of the patent how many specifi 


combinations are exemplified? 
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They have -- 

Q Or are included? 

Well, you can count them here. They have indicated 
35 core material and 13 possible plating materials. It 
multiplies to 455 combinations. So that there would be 
possibly 455 powders suggested. 

Q Is there anything in this patent which would 
lead you to select from this 455 possible combinations the 
combination of nickel and aluminum? 

A There is no trend at all in that direction. 

Q Is there anything which would indicate that 
you should pick materials that might exothermically react? 
A There is no indication of that. 

Q Does the patent at all relate to a flamespray 
material? 


A No. 
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Q Well, you commented on the photomicrographs 


in your testimony yesterday, and you testified that these 


photographs were typical. 
Now Mr. Patel testified,as you may recall, 
that these specimens were atypical. And he said in fact 
that as a result of looking at more than 100 photomicro- 
graphs, this represented less than one percent. 


Now, do you have any photomicrographs of the 


Ingham-cross 
Exotec powder? 
MR. SPRUNG: When you say, “have,” do 
you mean with him? 
I have made -~- 
Q Well, in this case. 
-- photomicrographs. 
Q You have made them? 
I have had them made for me. I have seen then. 
Q Of the Exotec powder? 


Yes. 


Q And they have not been produced inthis case 


so far as you know? 
A As far as I know. 
Q In fact, as far as I understand the record 
as it is presently constituted, there is not a single photo- 
graph, photomicrograph, offered by Metco of the accused 
powder? 
Am f£ correct? Are you aware of any photograph, 
photomicrograph, of the Exotec powder? 
A I do not know for sure whether any has been submitted. 
I have myself been relying on reports such as 
this and the general statement that 450 and Bxotec were the 
same . 
That statement, was, as I understood it, made 


by plaintiffs with regard to this case. 


| JA 882 
; . — 1691 
bi 
fat from wnat I have seen Of 


my seit personally pelieved 


photomicrographs - 


So that is been relying on person” 


what I have 


‘ 


ally. 
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Q Well, we will discuss that in more detail later 


We are going to the basis for that. 


As I understand our record, the only photograph 


o, 
you have produced is of a 515 powder which is Defendant's 


Exhibit KN; is that correct? 
A ‘Yes. 

9) If vou look at the powder particle in the 
center, that seems to have perhaps much more than half free 
of any powder and perhaps one-third of some aluminum powder. 
A The adjacent one ‘is completely covered, y, 

Q That is correct. We look at the one up there 
inyour picture and do you show a powder of a type of the 
right-hand particle or center particle or what? 

What did you intend to show? 
I intended to show the nature of the reaction -~- 


Q No, the left-hand one, 


I didn't intend to pick out any one particle, 
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¢) This photograph, KN is of an 5515 powder, 


isn’t it? 


A Yes. 
5 O By 8515 we all unders tatu 
THE COURT: What exhibit are you referring 


to, Mr. Calimafde, just the number. 


MR. CALIMAFDE: EN. 


9 Q am I correct that your Exhibit KN is the only 


16 photograph offere? by Metco in this lawsuit of any powder 


HW particle? 


MR. SPRUNG: I object, again, your Honor. 
This is an expert witness and he doern’t know 


what was offered by his attorney. 


THE COURT: Is there any dispute about it 


‘he only photograph? 


MR, SPRUNG: Just the 4mplication, your 


Honor. Naturally, we would use their photograph 


4f we agree with then. 


THE COURT: Tf understand, but there is 


no other. 


Is that correct? 


22 
a MR, CALIMAFDE: As far as I know there is 
me no other photograph offered by "tetco of any 


pawier except your Exhibit FN, 


product. 


consists of 85 per cent nickel and 15 per cent -- 


eere corresponding to Example 3@. 


Q 


scanning e 


of the surface of a powder particle? 


A In a general way. 


Q 


produced of, 
in perspective the surface of a powder perticle? 


A I examined some. 


referring to. 


Q 


Eutectic of the Fxotec powder? 


A Yea. 


record, 


Q 
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MRe SPRUNG: I don't know, your Honor. 
We offered some of your exhibits, too. 
THE COURT: Well, is KN your product or -- 


MR, CALIMAPDE: No, sir, it is no comercial 
This is a photograph of a particle which 


MR. SPRUNG: That is Example 31. 


MR, CALIMAPDEs And 15 per cent aluminum 
THE COURT: I see. 


Are you familiar with pictures taken by 


lectron microscopes which give a perspective view 


Did you examine these photographs which Butecti¢ 
from a scanning electron microscope showing 


I dor 't know which one you are 


You examined loads that were produced by 


Now, here again as far as I understand the 


Metco has not pidiittea a single picture taken by 
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a scanning electron micrscope of the IMxotec powder. 

Did you, or to your knowledge, anyone at Metco ever 
take a picture of the Fxotec powder by a scanning electron 
micioscope? 

A Yes. 
9 Wher. - 
Several times during the last year. 


‘@) pid you turn these over to your attorney? 


) Were they taken during the course of this 
lawsuit? 


A Yes. 


| 3 Ingham - cross 
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12 Q Did Metco to your knowledge ever make & 
13 picture of the elctron bombardment type such as 63-B of 


14 the Exotec powder? 


15 A Not specifically of an Exotec powder. 


% * 
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Q I am not interested in evidence. I am asking 


f 
about tests, not speculative tests or experience or 


literature reading. I want to know what positive evidence 
in the form of a test or test data has been produced by 
Metco or anyone retained by Metco which would help us 
resolve this issue as to whether or not there is nickel- 
aluminide in the sorayed coating? What have you produced 
outside of Post's X-ray Aiffraction test? 

A I don't believe we have < test, another test directly 


related in that matter. 


obtain an X-ray diffraction report from the independent 


Q If I understand your testimony, you dia ee 


laboratory prior to trial, prior to the beginning of this 
trial; is that correct? 
A : That is correct. 

Q pid you attempt to obtain a scanning electronic 
microscope analysis of Eutectic's flame spray powder prior 
to the institution of this trial? 
Ah We considered micro~pictures in investigation and 
decided that would be exclusively with respect to that and 


aid not look for sickel aluminide that way. 


Q pid you make any attempt to calculate gathe~- 
matically whether in fact the container could have or did 
absorb and retain the heat which was generated by the quantit 
of powder used by Dr. Grant in his calometric test? 

BR I didn't have the information to make a specific 
calculation. This upper level would be logical from such 
equipment. 

Q You also commented yesterday when you were 
criticizing Patel's report that it would be difficult to 
obtain a chanical analysis of the coating to determine whe 
or not there was any nickel aluminide present; is that your 
testimony? 

A Yes. 

Q pid you at least try to obtain a chemical 
analysis? 

A We had made some efforts sometime in the past to 
obtain chemical analyses. 


Q When? 


A A number of times through the years 4s all I parti- 


cularly recall. 
Q You had the Exotec powder available, you could 


have epreyed ag much as you cared and you could have sent 
‘ wES 5  § : 


JA 891 
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as much of a quantity as you cared to form an analyses, why 
aid you not do it, sir? 
A By then my feeling was such an effort would not prove 
anything. 

Q Yet, Mr. Patel obtained 4 chemical analysis of 


the spray coating and according to his chemical analysis ther 


is no nickel aluminide present. Do you have any data, not 


speculation, but data, to refute Patel's chemical analysis? 
A I have none at hand here other than the collective 
significance that I have had that such & chemical analysis 


is inaccurate. 


5 
| JA 802 
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oe Q And the post scan was conducted during the 


: | trial, is that correct? 


1 
. i A Yes. 


i] 
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Q From your own knowledge isn't it a fact that 


| proper and effective bonJing depends upon many conditions 


which must be carefully observed with regard to the spray 


gun and spraying conditions? 
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ot A Bonding, and the spray quality of the coatings does 


depemi upon the choice of the spray conditions, yes. 


Such as particle size? 


Q 


Such as particle size. 


The relative particle size of the two components, 


Q 


if there are two components? 


8 A Well, that gets into the structures of the powders 


— for other purposes. We are talking about spray purposes. 


10 Q I am talking about spray purposes to produce 
H an effective spray coating. It also depends on the propor- 
12 tions of the components, does it? 
13 A If there are several components. then it must be taken 
14 into account. 
15 Q The heat of the gun? 
16 A Yes. 
7 Q Of the velocity of the gases? 
18 A Yes. 
19 Q The mixture of the gases? 
A Yes. 
20 
Pe Q The spray distance? : 
A Yos. 
22 
33 Q And the speed at which the gun traverses the 
workpiece? 
24 
S Yee. 


to x 


» 


co 


24 


25 


i 
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" 
established a flame spraying distance, & flame heat, and 
these other parameters based on your 450 and you stayed 


with the same parameters when you tested the other powders? 


A Based on 450 and nickel aluminoid. 
Q Here T see 450 (indicating). 
A That is Ne. 2 panel was 450. 
Q Your No. 2 panel became your control for this 


particular tes’? 


A Yes. 
MP. SPRUNG: Define what you mean by 
control? 
Q what does the word control mean in this field? 
A In this particular case it means when we sprayed a 


material we were tamiliar with, not an exper imental material, 
we took a number of passes on the panel, we obtained a 
thickness which was reasonable, we obtained a complete 
coverage, and a bonding which was expected. 

ra) So you established these conditions based on 
your 459 powder? 
A I didn't establish any new conditions. We followed 
instructions, book conditions, in the "ny" gun described for 


nickel and powders. 
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Q What I'm trying to understand is whether you 
varied any of the settings orce you established it for the 
450 powders and if so, where do I read on your pages about 
the new settings and new conditions? 

A We did not vary conditions, we did not consider i 


necessary. 


I-aqham - cross 


Q When you obtained tnat panel which is 
KE-1, which shows a partial coating, did it occur to you 
to vary some of the parameters of your flame spray to 
see if you could make more of it stick? 
A Yes. 

Q What did you do? 

I decided that was -~ 

Q What did you do? 


A I decided that was the most likely set of parameters 


to make it stéck. 


Q You didn't vary any of the parameters in 
regard to this nickel precipi -ate coating? 
A Do we have more of my notes? 


Q Yes. 


JA 898 


Ingham - cross 


No, I have no different parameters. 


Ingham-cross 


Q tn mixing this powdc s you indicate you followed 
the teachings of example 2 in the Haglund patent? 
A The best we could. 

Q You say the best you cou.d; what does that mean 
po you have anywhere the composition you used in connection 


with example 2 in the proportion of the Mo ybdenum dicilicide 


with aluminum and a binder? 


Perhaps it would be more orderly, Mr. Ingham, 


for me to refer to example 2 and let me ask you whether you 
mixed a composition containing these parts: For example, 


example 2 calls for a mixture of 90 percent Molybdenum 


e 
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dicilicide. Did you obtain 90 percent of Molybdenum 4i- 


cilicide? 


A Yes. 


5 : Q From where? 


A These are materials that we have in our lab for 


7 routine use. They ere materials that we have on hand. 


8 Q And Molybdenum dicilicids as such? 


— 


Q And example 2 also calls for 7 percent -~ 


1 A _ * There is an exception: I used aluminum rather than 


I aid not have on hand aluminum 


12 aluminum magnesium. 


13 | magnesium. Certainly within the teaching of this patent 


: 14 aluminum and magnesium are taught interchangeably. 


15 Q Well, that's not my question, sir. This 


16 example 2 calls for 7 percent of an aluminum magnesium alloy 


in 50/50 percent proportions. You aia not use that? 


18 A I did not use that. f used aluminua, 


Q 100 percent aluminum but in a 7 percent pro- 


portion to he total? 


: A yes. And as I said yesterday, I -- t missed yester- 


@ay that I had substituted the aluminum for the aluninus 


3 | magnesium. As I said yestesday, I did substitute chromium 


dicilicide for the tantallum dicilicide, since we 414 not 


have tantallum dicilicide e 


*  % 


Q Now let me ask you: Did you follow any example 
in Bradstreet? 
A No, there was no example pertinent to what we were 
doing. 

Q All right, Bradstreet KE-8 does not conform 

to any example in the Bradstreet patent, is that your 
testimony? 
A It corresponds to the general teachings -- I will 
locate it -- I think I mentioned it yesterday in my 
testimony, the location in the patent which we were following 


Q May I ask why you didn't follow a specific 


example, since there are examples in Bradstreet? 


A We were following the portion which came closest to 
d@eseribing specifically the addition of aluminum powder , 
particularly to aluminum oxide, and as I recall, the examples 
didn't come as close, and I falt that that would come closer 
to materials that -- of the sort that we are discussing in 


this entire case. 


U 


Q Now, on this date, Woveaber 13th, when you 


sprayed KE-8, Bradstreet, your testimony is you did not 


it from the 439 ,ouder spraying parameters? 
A That ‘1 correct. 


Kee 


v. 
JA O05 
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Q Now, you have here algo Montgomery but you 


don't have any data u.der the name “ontgomery 


Did you parform a <«est for the Mont«csery 


composition? 
A This material, No, 7 -~ 
THE COURT: Is that KE again? 
MR. CALIMAFD::: KE 7. 
A (Continuing) KE7 would ale* hurt reference to the 


Montgomery patent as well as for the Bradstrent: patent. 


a aa, na 


Q So that you used the same eorsorsedioy 1018 
with aluminum for both Montogomery and the Bradstreet tests, 


KES and KE7? Is that correct? 


A No. KE8? 
Q KES is Bradstreet. 
A That is a blend an¢ it only refers to the Bradstreet. 


Ce ew @ 
The blend is not a thermét, It is a simple blend. The 


cee A 
is a composite powder. 


So KE8 can refer to the Bradstreet patent but not 
to the Montgomery, patent, @ince the Montg:..wry patent referr 


CERMETS - | 
to th mine. ~ 


; e EN 7 
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oHF COURT: Well, then, what was the diff- 
erence in the compesition of that? 
ous WITHTSS: Now, KE7, aluminum clad -- 
is a clad aluminum oxide. 
And I might say in all of these, to save 
gome time, that in all of these aluminum clads 
the percentage used was a volume percent, would 
be the same as the aluminum clad on tha nickel 
and 459 powder. And it is about 15 volume 
percent. 
Q I thought you were trying to follow the 
example in the patent. 
A In Yontcvomery 1 didn't follow any specific example. 


In Montayomery ft had a familiarity with spraying 


¥ we 
pheemtts . Rna we didn't happen to have any on hand. And 


I felt strongly that -- 
Q That wan not my question, sir, how strongly 
you felt. I am concerned about only what you aid and 
not how strongly you felt. 
with regard to Montgomery, which is KE7, Qi 
do I understand vou did not follow any example in the 
Montgomery patent? 


A No. 


* & XK 
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Q Is that what you recommend at Metco, that a 
surface be grit blasted before spraying so-called self- 
bonding materials? 

A Sometimes. 

Q In fact, the article you wrote for MIT states 
that this wked blasting produces a better }.2nd, does it not? 
A Yes. 

Q Of course, you would always be interested in 
yecommending to your customers how to produce the best bond 
possible? 

A Right. 


Q So it would follow that you would recommend a 


es 
geod blasting? 


a ¥es, 


at * nm fact, most of the examples in the patent 


Ingham - cross 


reparation refer to good blasting? 


2 1 that mention p 


31 a Yes. 


1827 
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Q Will you turn to page 15, the last question and 
answer. 
Did I not ask you the following question and did you 
make the following answer: 
"Question: Is this what may be referred 
to as a metallurgical bond between the coating 
and the substrate? 
“answer: I think the use of the word 
metallurgical bond has been a loose one. I 
don't think it serves any typical purpose 48 
such. I think I would call it an alloyed layer. 


"Question: Alloyed bond or alloyed lay 


between the substrate and a coating? 


“Answer: Yes. Where we could see that 
that scemed because of the bond to do that or 
something. That was determined a number of 


years after the bonding...” 


* K 


23 


24 


Q I asked you whether another expression for 


self~-bonding was alloyed bonding. 


A 


And I say no. 


Q You say no. 


Now, at this 


alloyed bond was & self-bond? 


A 


A 


epray 


No. 

Q You did not? 

No. 

Q What is a self-bond? 


Self-bonding is an adherence, 


deposition did you not indicate that an 


and this is in the flame 


Andyetry, so we are talking about flame spray material. 


Ie is adherence of a flame spray mat 


exial to a smooth, 


4 Ing ham-cross 
clean metal surface. 


And that adherence is strong enough to receive other 


material or be built up to thicknesses that are normally 


used with the material in their respective applications. 
It is a concept of strong bonding and a concept of 
reliability and relatively little technique dependence in 
achieving it. 
It is as broad -- as it has been accepted in the 


industry, a broad practical concept. 


Ing ham-cross 


THE WITNESS: My deposition, the question 


starts further up on page 15; 


"Question: Do you know what causes self- 


bond ing?" 
MR. CALIMAFDE: Excellent. Now read on. 


Your Honor, that answers the question 


15 

16 exactly on page 15. 

17 THE WITNESS: What it is and what causes 

18 it need not be the same. 

. Q Let's read exactly what you said in the 

- deposition at page 15. 

“ The question was put to you: "Question: Do you 
: i know what causes sel f-bonding?" 

Pe And the answer: “Answer: We believe we know why 


this material, tis nickel aluninum bonds. 


“tei Ja, 
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“answer: Because in the course of the work later 


on there was sone investigations to see what was at the 


interface. Andi the metallurgists working on it were able 


to detect a layer which seemed to represent an alloying 


of the coating particle and the substrate. And we felt that 


that probably was the thing that caused the bond. 


"Question: Is this what may be referred to as 4 


metallurgical bond between 4 coating ami the substrate? 


“Answer: I think the use of the word metallurgical 


bond is a lose one. I do not think it rerves any typical 


purpose. I thin. I would call it an alloyed layer." 


A All right, that is entirely correct with respect to 


my view on the theory of why this adheres in the case of 


nickel aluminun. - 


But the alloy layer is not synonamous in my wind with 


the fact of a commercial concept 9F practical concept of the 


ability to put on chick layers. 


us 288 
43MB 
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Q I am asking whether the nickel aluminum so 
called seif-bonding jig seif-bonding because of an aiioying 
betweer the cos” ing and the : ubstrate? 

A I believe that that is why nickel aluminum adheres. 
Q And let us confine ourselves to nickel aluminum 
for a while. S0 that we do have an alloying and thet alloy~- 


ing is a result cf heat, is it not? i) 


A Heat plays & role. ¥. 


f > 


Q Well, when you talk about Lioying aren't you 
talking about melting one metal in contact with another 90 
they alloy with each other? 

A Yes. 

Q And in order to cause one of the materials to 

melt it requires heat, does it not? 


A Heat pinyé 4 role, yes. 


1 2 Ingham-cross 


14 | 

is |! Q Is it first required that the aluminum nickel 
1 particle become molten? 

7 A That is required. 

Q Is it required that the nickel aluminum particl 


/ 


be in a molten or plastic state by the time it reaches the 


20 substrate? 

2 A Just as any other metal. 

22 MR. CALIMAFDE: That is not my question, 
3 sir. 


| THE WITNESS: Yes. 


In the molten state, assuming the substrate 
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is a compatible metal, will nickel aluminum particles alloy | 


wth the substrate metal? 


RK We believe the nickel aluminua will. 


s 
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Q So that if I melt one into the other, will I 
produce an alloy layer between the two? 
A Yes. 
Q When we talk about it or we taike about a self 


ponding coat, do you talk about an ee the coat 
and the substrate? 
A When we're talking about self-bonding, wa're not 
particularly answering that. We have found in those two 
cases that there is the possibility of that alloy spot layers) | 
Q When you say possibility, hasn't you said that 
in connection with those materials, nickel aluminum powder, 
for example, there is an actual alloy with « substrate in 
very thin layers? 
R Such a thing has been sean, TI think there is even 
some questicn age to interpretation of the photo micrographe 
with regard to seeing those. 
Q , Why don't we #se¢ what you call it in your 


article you wrote for the MIT people. 


# *- F 
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1pm (2) 
.¢) Look at Page 310 at the left-hand column, the 


3 | Jast paragraph which begins with "For most materials;" dco 


you see that? 


5 A Yes. 


6 Q If you come to the second sentence in that 


“those materials that adhere;" ycu 


last paragraph, bod inning 


see that? 


9 A Yes. 
10 9 “nose materials that adhere to gmooth surfaces 
11 and are used for bond=coat purposes, auch as molybdenum, 


nickel aluminide, and a few others, actually allcy with che 


substrate in very thin layers." 


A Yes. 


Q Were you refarzing to the alloy resulting 


| = g¢om the heat? 
tye been talking 


7 A I'm talking about the alloy that we 


about here. 
Is that the alloy between the sprayed poader 


rather, and the substrate? 


Q 


coating or the sprayed coating, 


20 

eee 2 0 It's an alloy which occurs in very thin layers 
3 A Yes. 
24 Q That's an interaction | ected the coating and 


the substrate, 4s it not? 
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2 | A Well, it's some kind of mixing or reection. We don't 
3 | know the details. 

4 | Q That results from heat, the heat aenpiied to 


s the powder? 


6 A Wel, heet would be one important factor. 
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THE COURT: Although, T realize now that 
alloy could also have been used in the sense of 


the melting together of the two different metals 


shat form, the compogite- I assume that isn't 


JA 918 
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what we were really talking about, but we were 
talking about alloy meaning the, you might say, 
the second composite, so to speak, that is to 
say the composite of the mae components with 
whatever metal or substance formed the upper 
layer of the substrate. 

Do you understand me? 


THE WITNESS: Yes. 


THE COURT: Do you accept alloy in that 


THE WITNESS: I accept alloy in the sense 
you have Gescribed. 

THE COURT: That's what we are investiga~ 
ting here. 

MR CALIMAFDE Yes. 

THE COURT: Therefore, I want to know, 
has it been physically demonstrated that there 
is such an alloy relationship? 

THR WITNFSS: Yes, it's heen physically 
demonstrated in those two specific instances 
that I was mentioning. 

THF COURT: you mean the molybdenum 
and nickel aluminum? 


{i § (‘THE WITNESS: Yes. 


% k & 
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MR. CALIMAFPDE: This report by Longo is 


Plaintiff's Exhibie 43 which is in the book. 


I will refer -- 


Q Well, I will refer you to page 5 of his article 


This is page 43 of page 5 (sic). 

Have you read this article? 
A Yes. 

Q Under the heading bond layer, heginning, oh, 
about one-third of the way, it looks like the third sentence 


beginning with the word “apparentiy”, substrate area; do 


you see that? 


a 


w 
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A Yes. 


Q Immediately uncer & sprayed particle of the 


exothermically reacting nickel ° wminum is neated sufficient) 


to melt and fuse with the nickel aluminide forming the 


alloy layer. 


dow, do you agree with that statement? 


A I agree that is the way he was explaining it. 


i) That's not my question. 


‘ 


Do you agree with that statement 4s & technical 


matter not wheth=r you. agree he wrote it? 


that's an i complete statement. 


A I think 

G c- you don't ajrec with this statement 
technically? 
A No, I con't. 

Q lle uses the word "fused," sufficiently to 


melt and fuse. 


Ts the word "fuse" an apt word in connection 


with the interaction between the coating and the substrate? 


t is the kind of word that would be used 


% 


A I think tha 


in this sense, yes- 


ca) Is the fused redundant over the word melt? 


Do they mean the same thing? 


elt could be an individual situation, fuse 


A Well, m™ 


implies an adherence toy. “her. 


va wes 
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Q So that the fuse implies a so-called bonding 


or the alloy that we are talking about? 


A Yes. 
Q Now, =<” page 7 of this article, under the 


acknowledgement parecraph, there is : “The author wishes 
to thank Dr. Ingham for his stimulating comments m the text 


of this paper." 
Are you the Dr. ingham? 


—_™ 
JA 923 
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Q Are you familiar with this article written 
by Mr. Pittrich? 
A Yes. 
Q Pardon me? 
A Yes, I haven't read it recently but I am aware of 
it. 
Q Will you turn to page 493. Now, first in the 


box which contains a4 biographical sketch of the author -~ 
A Yes. 
Q -- the last sentence beginning with the words, 
*“The actual development se Do you see that? 
THE COURT: Where is that? 
MR. CALIMAFDE: In the box, your Honor, 
on page 493. 
THE COURT: Oh, yes. 
Q The last sentence beginning with"the actual 
development." Do you see that? 
A Yes. 
Q The excellant development of a practical 


development of a spray powder had to wait for the new 
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technology to bccome available but once this occurred the 
new type of powder was possible. 
Do you agree with that statement? 


A In a general way. Il don't know who wrote the statement. 


+ * 


THE COURT: I don't wish to engage in 
semantics with you, but I’m beyinning to see 
why they may have used the carefully raised 
axpression which aids in bonding. You knov, 
self-bonding, to me as a layman, would mean that 
the nickel aluminide was the only thisg we were 
talking about that did the bonding. 

Now, it has been earlier demonstrated here 
that the bond that can't be viewed in terms of 
just the nickel and aluminum, but must be viewed 
in ter.as of the cooperation of the substrate and 
I could read that as meaning that: what we have 
here is that which induces the cooperative action, 
ro it isn't self-bonding, but r:ther that which 


aids in a union not otherwise achieved. so I 


don'* ow that I, in view,of the fact that the 


claim reads the way it does, that i put the 
importance upon self-bonding or would fesl its 


that important in any evont. And I think that 


JA 926 
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in some way we may be chasing butterflies oe 


Isn't it -- I guess from the time of the 
Hittites, we knew metals, different metals 
could be combined and would produce stronger 
metals, but that isn't the point of this, 
as I 3ee it. This is the question of a union 
of a metal comnosite powder with another metal- 
like surface. 

MR, CALIMAFDE: Substrate. 

THE COURT: When we talk about self-bonding, 
they don't use it there. I consider it a real 
misnomer because it doesn't self-bond. It 
induces the cooperation that something else, 
that other materials in balance do not succeed 


in doing, if I understand Dr. Ingham's testimony. 
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| 


What is the minmal bonding strength you would 


22 Q 
23 associate with self-bonding? 
24 A Well, there is no specific minimum. The concept is 


more practical than it is an exact number and it encompasses 


JA 928 


the reliability. In the case of plasma -- 
Q That was not my avestion. Tf asked you what 
is the minimum bonding strength associated with self-bonding. 
A I am in the process of answering it. 
Q tT am not asking in connection with the plasma 
or thermo spray gun but in connection with self-bodning. 
I heard in direct axamination in order for something to have he 
characteristic of self-honding it must have the bonding 
strength of so much psi. 
MR, SPRUNG: Whose direct examination? 
“MR. CALIMAFDE: Mr. Ingham's. 
Q Do vou recall giving that testimony? 
I don't recall giving any numbers. 
Q Y ask you whether there is a minimum? 
A Thare is no exact minimum, With respect to the 
combustion process, 2000 psi has been used‘ with respect to 
pla: na which is an area where more premium coatings are 


required, the minimums sat forth by users tend to be higher. 


ae & 
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fe) Ian't it a fact that there is no example in 
the patent-in-suit, the 515 patent which describes a nickel 
aluminum composite having the proportionate of 95 to 5, 95 
nickel and 5 aluminim? 

No specific example. 


re) That is correct? 


9 Tt is also a fact that the first example in 


| the patent-in-suit is directed to the Metco 404 powder which 
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2 || ie the 80-29 proportionate composite 80 per cent nickei and 
3 || 20 per cent aluminum? 


4 | A Right. 


JA 931 
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refer to the total expression as the appearance in lines 
about 41 to 43, “any two metallics which may be melted 
together to form an inter-metallic compound in an exothermic 
reaction.” So we are referring to an inter-metallic com- 
pound in an exothermic reaction, all right? 

A That's what it says. 

Q That's what it says. Do you find anywhere in 
this patent any reference to a heat of solution? 
A I don't believe there is any reference to heat of 
solution in this patent. 

Q Are there tables to your knowledge which show 
the thermal release from a heat of ~-lution? Are there 


tables which show the thermal release or the energy release 


MR. SPRUNG: Would you define the metals, 


or just any metals? 


resulting from two metals going into solution? | 
| 
| 


Q. Any metals. Are there tables in the literature~ 
pifferent. metals from these, yes. 
Q Now, when you say these you are referring to the 
1.44 that appear in Table 1? 
A I am referring specifically to nickel and aluminum. 
Q Are the hundred -- I guess I've been saying 
144 and should have said 142, if my arithmetic is correct. 


In Table 1 I have compiled 142 combinations. Are the 
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combinations which appear in Table 1 combinations of two 
metallice which may be melted together to form an inter- 
metallic compound in an exothermic reaction? 
A That is what the cable is supposed to be 4 listing of. 

Q Now, when the expression thermic reaction is 
used, that means of course it generates heat, isn't that 
right? 

A Yes. 

Q So that these 142 combinations in Table 1 are 
of metals that will generate heat to form an inter-metallic - 
when they form an inter-metallic compound, is that correct? 
A Yes. 

Q And when they generate heat that heat aids in 
binding between the material being sprayed and the surface 
upon which the coating is sprayed? 

A Yes. 


Q Now, isn't it also a fact that -- and I shall 


take the articles one at a time, let us start with the German 


article IV-1 -- isn't ita fact that in the article Iv-1 ther 
is no reference to a heat which results from an inter-metall 
reaction? 

A Well, as I see their data, it is plotted as 4 heat 
versus percentage aluminum. 


Q Ien't that a heat of solution, sir -- 


No. 


Q (Continuing) -~ that they are referring to in the 


article? 


A No. 


Q Does the expression in the German -- does the 


expression inter-metallic reaction appear in the German 


article? 
I don't recall just how they phrase it. 
e 13 of the German 


A 
Q Now will you refer te 


article, please. 0 you see it? 


A Yes. 
-- there are two charts on that page 


e 13, 


Q The lower 


13. The lower chart is presumably 4 nickel-- I said pag 


I should have said page 15. Page 13 has cobalt aluminun. 


It's page 15 that has the phase diagram for nickel aluminum. 


| Do you see it, the lower one on page 15? 


A I see it. 


Q Now, isn't it a fact that the phase diagram 


—_ 
@ 
——— 


appearing in this German article has been discredited as 4 


phase diagram for nickel aluminum? 


A with explanations as to why. 


Q Is the explanation to my question yes, that this 


is not considered to be the -- 


A The equilibrium phase ~~ this is not considered to be 
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the equilibrium phase diagram. 

Q Which has been spoken of with authority by 
yourself and by Dr. Post and by Dr. Grant as the sac-called 
phase or equilibrium diagram for nickel aluminum? 

A Yes. 

Q 80 the German article upon which you rely shows 
a nickel aluminum phase diagram which has been discredited, 
isn't that a fact? 

A Details. 

Q Yes. Now will you refer to the article by 
Kubaschewski, fxhibit IX. Do you have that, sir? 

a Yes. 


Q pid you read this article? 


Q Isn't it a fact that Kubaschewski did not measur 
heat of solution of alpha nickel solid solution? 


A That is correct. 


Q And isn't it also a fact that he claims that the 


Oelsen data is too high -~ this is calorie data ~~ is too 
high by 800 calories? 
A no, he claims that -~ or he agrees with the Oelsen 


statement of his own accuracy of about 10 percent. 


Ingham-Cross 


Q Mr. Sprung, isn't it a fact that the exothermic 
reaction, which discussed -- which is discussed in the patent 
in suit, 515, is that a reaction which occurs while the 
particle is in the flame and in flight? 


A Generally. 


Q It is that cont®ibution of heat from the 
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exothermic reaction which aids in bonding, isn't that 


true? 
A That plus some other phenomenon that's going on, 
but that is -- contributes. 

Q Well, I am only saying it's the heat now, 
the exothermic reaction which generates the additional 
increment of heat, which aids in bonding? You don't deny 
that the addition heat aids in bonding, do you? 
A No. 

Q No, it does aid in bonding. And it's 
that heat which is converted to this particle, the additional 
increment of heat so that the heat we're concerned about 
is the heat which occurs in flight, isn't that true? 
A Generally. 

Q Which means it is after this particle has seen 
heat of that flame and is now molten or at least you have 
the intermettalic reaction causing the exothermic reaction, 
ian't that true? 
A Or possibly continuing to some extent on the 
surface. 

a) Is the patent concerned with the exothermic re- 
action which occurs in flight? Do you know? 
A I don't think the patent spells that out. 


Rll right, look at column 12, line 20. 
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po you see it, sir? Column 12, line 20, 
starts “nickel aluminide composite.” 
A Yes, that is -- that is with respect to an example. 

Q Well, are you familiar with any example which 
suggests otherwise? The nickel and aluminum composite 
powdered mixture reacts exothermically in the flame to 
provide gelf-bonding properties and so forth and so ON. 

A r am only saying that that doesn't rul+ ut 
auxiliary effects. Yes, it does react exothermically in 
the flame but it doesn't rul out the fact that there could 
be some continuing exothermic reaction when it hits the 
substrate. 

9) T understand what you're saying. I'm asking 
whether the patent discloses it? 

A The patent doean't go into depth on the 

q Niscloses a reaction other than, 
timing of the reaction other than what appears 
column 29? 


A I don't recall further detail. 


kK * 


_ 
—=————_— 
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Q Do we have anything offered by Metco other 
than Post which shows the nature of the -- the nature of the 
coating, period? 

A I have not pro¢uced ~~ 

Q All right. Will you look at Exhibit 43 again. 
This is the article by Longo. This is the one which has 
the acknowledgment referring to you. Will you turn to page 


three, the part entitled "Metallurgical Results,” beginning 


Ingham - cross 


with Metco 404. 


New, did you participate in the preparation 


of that section? 


A I was Mr. Longo 's supervisor at the time he was cooing 


reported on page 3. 
ading this section of the 


the work as is 


Q Do yeu recall re 


report which appears on page 3? 


A Yes. 


Q Now, if you look at the first paragraph, the 


second sentence, it refers to the individual particles 


composed of several metal-like phases. 
A Yes. 
Now, the next paragraph, third line from the 


Q 
nickel aluminide and so forth. 


bottom, refers to nickel-rich, 


Is that nickel aluminum he is referring to? I see he does 


say stoichiometric NI3AL- 


18 A Yes. He refers to NIAL. At that point he is re- 


ferring to stoichiometric NIAL. 


Q Doesn't he also mention that while the NS 


20 

21 phase was identified as NI,AL = 

22 A Yes, he goes on to say that. 

23 Q He refers to both, doesn't he? 
a) A Yes. 


Q Now, if you look at this phase diagram, where 
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do you get NIAL and NI,AL occurring? NIAL and NI,AL are 
poth nickel aluminide, right? 


A Yes. 
Q Now, tell us where in this diagram do you get 


NI3AL and NIAL occurring? 


A On the equilibrium diagram. 

Q That's what he is referring to, is he not? 
A No. 

Q All right. Then on the equilibrium diagram, 


where do you obtain the NIAL and NI,AL? 


A The NIAL phase is the one labelled Beta Prime, which 
your finger is almost on. 

Q He is referring or marking this with regard 
to room temperature? This is the coating. 

A The coating is at room temperature. 

Q So that if you oom down to the 80% jine at 
about room temperature, we would be in this region, and 
this region has both the NIAL and the NI3AL; is that correct? 
A That region on the phase diagram. But his is not 
directly -- this is not an equilibrium coating. 

Q But it does -- on the phase diagram, the NI,AL 


and NIAL do occurewhere you have 80% nickel and 20% aluminum? 


A on a slow cooled -- very slow cooled system as 


Sn ode 


reported by the phase diagram. There would be two phases, 
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NIAL ty, @ phase and NI,AL type phase. 


Q All right. Now look at the last paragraph on 


page 3. 
Composition of each metal 404 particle. 


Is 30% nickel and 20% aluminum? 


Q Under equilibrium conditions, this would p)«.:e 
the alloy in the two-phase region of NIAL plus NI3AL? 


A Yes. 
Q Is he referring to equilibrium conditions as 


exhibited in this nickel phase diagram? 
A _ Phat's what he is referring to. It would place it 


there if it was equilibrium. 


Q Pardon me? 


A The sentence says, under equilibrium conditions this 


would place the alloy -- 


Q Yes. And in paragraph two that's what he found; 


isn't that true? 
A That doesn't prove it's equilibrium. 
Q No, I didn't say that, sir. IX said in the 


last paragraph he refers to the equilibrium diagram as the 


reference for -- let me try it again. 


In the last paragraph he refe-3 to the alloy 
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occurring in the two-phase diagram or two-phase region of 
NIAL and NI3AL by reference to the nickel phase diagram, 
Exhibit 66A, and in the second paragraph he says that's 
what he found, NIAL and NI3AL3 isn't that correct? 
A He said he found those phases, yes. 

Q Yes. Now, look at page four where reference 
is made to Metco 450. Do you recall reading this when it 
was prepared by Mr. Longo? 
A No. Not until after this was published. This was 
printed in-- or published or written in two eras. The 
section on 404 was written in the early 1960s, at which time 
I was his supervisor. At the time he prepared the section 
on 405 and 450 he was not in my department, and I was unaware 
of this until it was printed. 

Q When was it printed? 

It says copyrighted 1970. That's when it was printed. 

Q Have you -~ is there any writing by you to 
Mr. Longo or anyone else indicating any disagreement by you 
with or the text of this paragraph entitled Metco 450 
appearing on page four? 
A I don't recall any written communication. 

Q Now, he refers to 4 comparison that was made 
between the particle structure of Metco 404 with the Metco 450 


Do you know how that comparison was made? 
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Perhaps it would be useful, Mr. Ingham, to 
start at the beginning of that. The Metco 450 is a composite 
powder comprising 4.5% aluminum applied to the nickel core. 
Do you agree with that? 

A Normally, yes. 

Q The next sentence. The exothermic combination 
results in coating of very high density. Do you agree with 
that? 

A 
Q How does that coating of high density compare 


with the Metco 404 coating? Is it as high, higher than or 


| 
| 


less? 
A I don't see any direct comparison. 
Q Do you know of it, sir? 
I don't recall. 
Q Okay. The as paragraph. Particle structure 
‘ompared to standards as were Metco's 404 coating. 
The next paragraph? 


Q Next line beginning with the word “Particle.” 


Q The particle structure was compared to standards 
as were Metco 404 coatings and found to be primarily nickel 


with some nickel/aluninum solid solution. 


Now, do you know what standards were used? 
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A He's referring to different phases which -~- and the 


| standards are discussed in the earlier part of this article. 
{ 


| 
i 
| 


(Continued on next page.) 
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CROSS-CXAMINATION 


CALI“AFUL, (Cont.‘u): 


wY 


vee 
idhse 


wow, neat line he wrote, “Only minor 


mated at less than five per cent were found.” 


5 cs : : ; 
percentages of non-steichionetric, JiAl, and wital, esti- 
| Do you Know what test was used to determine 


. | that less than five per cent of JiAl, and Ji3Al existed? 
9 A Metallurcy, waicn L saic is relatively crude -- 
10 G bc vou have those tests with you? 
" A His tests? 
12 Mk. CALIMAPDE: scrike that. 
13 s. Do you know whether those tests are available? 
M4 A x don't know. 
15 | a bown to the secord from tne,last sentence 
16 ; beginning with tie wore '"),iero-hardness.” First the word 
Wo *iHiero-hardnes3" suggest it is a hardness factor? 
if 
| 
ey Yes. it is «a way of picking out phases. 
| ice | 
19 | a} iiero~harauness verifies the absence of 
| 
20 | iHAl since particle hardness have thermo-spray coatings, 
21 and he yives the value ..:d 15%? | 
| 
22 A he is referriny to the absence of the dial phase. 
23 || t AS compares to 404, does tac 404 have a 
24 gubetantially nayher sucroharaness than tie 450? | 
2s, it has phases in it that are harder. | 
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Prez: thea vhases are Wil and 1i°Al? 


reacs because cf the 
powder, tucre is seldom any 
a properly sprayeu coating. 
acree with that staterent? 


mean wits ane pieces of aluminum 
Mi. SP.LUSG:; ‘Shey keep referring to documents. 
yhey coule have requesteé any documents tney 
wanted - 
you have an opjection? 
how 1 snould conduct 
ny discovery 


tuning, Mr. Sprung, 


parayragn, lat us aacress 
tac gecond and tnira sentences 


ni the second begins wita tue word 


the coéeting as heing 
ic doesn't 
fA Bickel oleans 3 uf roression “solid 


solution. 
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Tnshaw: ~ cross 


Deen referring to 2 phase known as 


4 sere atc says prisariiy nicnel with sone 


Le 18a: gene os ac 235i C 


ue refers to a winor per- 


Ce press jon “soll: ,Olution. : 


centage of disl auc lnk whic. 2uxlier ne icentifiaed 


as nicwel aluninice. 
10 


vy A Yes. 


fOu agran vita tne use of tne language 


15 : po jon ajked wath the use of the lanyuage? 


ye 2G retcrranyg to tie aifferent phases ana 1 agree 


roforpring to different paeses. 


ie 


7 with tnat lengua? 44% 


18 low, the last paragrapa wy pay defraction 


19 studice,” ani tuc last sencence in fuat ,aragrapi on 


page +, 41S 


24 By (he laut ,araurap. 46 Sey "\ hus considering the 


rather drastic ;rnea rate nuzri aj for Eiaice #),rayeu 


NC fols. 
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coatings -- it appears that x-ray analysis couldn't 


distinjyuish between a > lee 3i3A1 or the solic solution of 
aluminum in nickel. 


ly <mestion is, do you agree with that as 


matter? 


the rapic «uenca rate not uistinguishing -- 


(Continuec on next page.) 
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it. 1996 
Sam2 mm/nc , CROSS-FEXAMINATION 
3 BY MR. CALIMAPDF: (Cont .) 
; | n No you aqree with the technical accuracy of 
. | that statement thus considering the rather drastic quench rate, 
‘ etc., it appears that X-ray ahalysis couldn't distinguish 
‘ between nickel, nickel aluminide, Ni3A1 or the solid solution 
. of aluminum in nickel? 
. A I agree it says it can't distinguish these phases. 
- Q We all can read the language. I am asking 
. whether you acree with the technical accuracy of the state- 
ment? 
12 
A I don't know how to answer otherwise. 
: ! (e) If I understood you correctly, you agree that 
| | he made the statement and I say we can all read the language. 
: A No, tT said I agree with his saying in the statement 


that the X-ray analysis coulén't distinguish between these 


different phases. 


~ 
eo 

—_————— 

— 
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Q Nave you made any tests at Metco, X-rey analysi 


tests at Metco of the 450 powder? 


A 


No. 

Q Let me talk about this sequence of things. 
MR. CALIMAFD® : This may be a good time to 

break. 


THE COURT: All right. 
When you said with respect to the powder, 
do you mean with respect to the coatings 
produced by the powder as in the case 404? 
MR, CALIMAFDE : Yes, sir, thank you. 
TUF COURT: pid you understand the question 
in terme,only in terms of the powder or in terms 
of the coating? 


Tur WITNESS: TI understand it a6 the powder 
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but the answer would be the same. 


‘No X-ray defraction analysis 


THF COURT: 


for the 450 coatings? 


TIS WITNESS: Right. 


Dic jave a cnance to review Plaintiff's 
Uyhibit €8 during the luncheon recess? 
Ay Yes. 

bo you usree or uisagree with the curves 
shown on the exhibit wiica puryort to bea drawn from the 
data which you supplied us yesterday? 


I disacres. 


will you draw on that exnibit whet you 


believe to be the correct curves, anc then would you 


please identify by reference that part of the strip 


chart which supports your redrawing? 
what color -- maybe you ought to use 4 
color different from what we have up there. 
sit; COURZ: “ould one of these be 
practical or not? ‘hey are a little vroad, 1 
realize, wut << 


THE WITNESS: Is it ulue? 


Inshan - cross 


 emammaammammamgaay 
eer 


couRT: It's broad. 


min ecmameti 
ocr 


CABIMAFDE - Something other than red, 


ree 


COUR : “ow apout black? sgouldn't 
that do? 
COLI UFDS: oe ~ave a black there. 


COURT: But it would Le a broad 


CALLiEDS: All right. Then perhaps -- 
pir COURT: If it's not difficult to 
sketch wit. 
CALI AE OL - 
Tell us first waat you are drawing for the 
recora? 
a I am correcting the carve for the 404 here and 
1 calculated from the iecation awere it is going 
yapicly upwarc, I fined that it goes much further upwards 
*o about that type of neight. 
a And oerhapa -- 
whe continuation I dig not recalculate $0 I have 
only carried the calculation this far 
perhaps you siowld put a reference numeral 
next te the das.1ed lines you have drawn. Call it letter 


"A" and the dash ark: eorrect? 
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And that was derived from the strip charts here. 

} Yes. Are there any other corrections to 
the curves? 

A Wo, that's the correction. 

9 It is unnecessary from my viewpoint to do 
that change in the strip chart, your Honor, unless someone 
would prefer to co it. 

We now offer Exhibit 88. 

Th. CLERK: One chart marked for 
identification as Plaintiff's Exhibit 88 is 
received. 

(So markec.) 

svi COURT: What really is the correction, 
then, in sum? 

THE wIfursS: Well, the correction is 

that the 404 airplot was much lower than it 

should have been and I have raised it up to @ 

height where I calculated it to be -- 
Mik. CALINAFDE: For the record, your 
wonor, 404 in air, as Grawn by plaint3*f£, 

showed a peak of about 144 degrees. 

THLE COURT: I see. 
MR. CALIMAPDE: As redrawn by the witness, 


the 404 powder in air shows 4 peak rise of about 


BY MR. 


A 


217 degrees. 
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“WHE WITNESS: hy actual calculations 
point, which was only scattered point -- it 
actually doesn't represent necessarily the 
peak -- but it was 211. 

CALIMAFDE : 
Q 211? 
At the two-minute point. 

THLE COURT: Well, in other words, 217 is 
not correct? 

THE WITAESS: iis -- my -~- my point that I 
-- I didn't point every -- I wasn't able in time 

to plot every little point. I have a point at 
211 ~-- 

re Is that the peak? 

(Continuing) -- of 211 at two minutes. 

g Is that the peak temperature, 211? 


Ho , I don't know. It could have gone slightly 


higher but I don’t think 4t is enough to talk about. 


Q All right, I will write in "Peak Temperature 


for A" at 211 degrees. 


THE COURT: And that, of course, is 


centigrade? 


MR. CALIMAFDE: And that is centigrade, yes. 
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2 
a So0 that as revised by you, the 404 in 
: 
hydrogen remains the same at something like 284 degrees, 
4 
the 404 in argon remains the saine at something about 
5 { 
| 218 aegress, and the 404 in air as revised by you is 
6 
about 211 degrees -- 
7 
A Yes. 
: | | 
9 (Continuing) -- all centigrade? 
9 
aA I wasn't setting exactly tne same numbers, but 
10 
within the discussion I -- I think it's essentially 
1] 
satisfactory. 


ak OK te 


Ingham-cross 


@) Exhibit 22. It's in plaintiff's book of 


exhibits. Do you have it, sir? 


A I have it. 


Ww 


tr 
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Q Is this document in your handwriting? 
LN Yes. 
Qo Are you the person who struck the line through 


"alPd" which appears on the roht hand side, the right hand 


columr? 
A That I cannot tell. 

a) pid you write the word "nrior"™ within paren~ 
theses? 
A That appear? to be mv bandwriting. 

a ipa" is aluminum palladium, ia it not? 
A Yee. 

ra. Ani aluminum and palladium are two metals, are 
they? 
A Yes 

@ And would they exothermically react with each 
other? 
A I now don't recall. 


a) Now look at the last item on that page, "NiTi .* 
that's nickel titanium, is ‘“t not? 
A Yes. 

Q And the worl “prior™ appears next to that. Did 
you write that word “prior?" 


A Yes. 


c Mow look in the left hand column. There is 


6 | 


7| 


| 
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"Nip." That's nickel phosphorous? 


| 

A Yes. 

Q With two lines passing through it, striking out 
the "NiP." Did you strike out "“NiP?" | 
A I don't know. | 
: Q All right, now look at exhibit 24. Is this | 
exhibit in your handwriting? | 
A Yes. | 

Q Will you come down to item 5. There is first 


the number 11 in parentheses. Do you see that? 


A Yes. 


Q And then it adds "NiP?" 


Q Under that there ds "NiTi” with an asterisk. 


Do you see that? 


A Yes. | 


Q Then in paren it says "wire prior art." Do | 


you see that? 


A Yes. 

Q Did you write in the words “wire prior art?” 
A Yes. 

Q Are nickel and titanium metals? 
A Yes. 


Q Would they exothermically react with each other 


ceeeeenneeeraeerceceneenteenncceneccellin ac Aeencn 


tw nN 
ee 


A Yes. 
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Q Now, right under that you see "CuAl." That's 


copper aluminum, is it not? 


A Yes. 


Q And in parentheses you have ditto marks, meanin 


“wire prior art." Did you write that in? 


A t wouldn't -~ 
Q Did you put in the ditto marks under it? 
A I wouldn't really know if those are my ditto marks. 
Q Did I ask you whether copper and aluminum are 
metals? 
A No. 
Q Are they? | 
4 Ye | 
Q bo they exothermically react? 
A Yes. 
Q Did you review Table 1, which appears in the 


515 patent and the 248 patent, before the applica-cion, the 
last application, was filed in 1964? 


A Presumably. 


Q De you find in Table 1 any of the metal combina 


tions indicated as prior or prior art in the exhibits 22 to 


24, namely nickel titanium, copper aluminum or aluminum 


palladium? 
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MR. SPRUNG: We could speed it. Are 


they in there? 
MR. CALIMAFDE: Pardon? 
MR. SPRUNG: Are they in there? Does he 


have to check them? 


MR. CALIMAFDE: No, I don't find them 


If you will accept my representation 


there. 


I'il move on. 


THE WITNESS: I'll accept that. 


Ingham-cross 


i Q Now, what did you mean, Mr. Ingham, when you 


said prior -- when you wrote "prior" next to aluminum 


palladium in exhibit 22? 


A This would have been an indication that I was aware 


made, around ‘G4, and there was in the early ‘608 some 


| 
— 
of some wire prior to the date whenever these notes were 
| stuff known as fuse wire. 


19 
uF COURTt Fuse? 
20 | 
at eit WITNCSS: Fuse. And carrying that 
y a step further, we were concerned about spraying 
23 wire that would act like a fuse, in that once 


Le sprayed with the wire gun anc 


} 


this would 


once the tip o’ the wire was heated we were fearful 
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that the wire tip would act like a fuse and 
go back inside the gun, and we wouldn't be able 
to spray with it. 

There were considerations of further in- 
tention to get around this, which would have 
been further invention beyond the scope of this 
present patent, and I believe -- I -- I can't 
remember just what was going on in our minds then, 
but I believe we were fearful that an explicit -- 
explicit example of a fuse combination might 
rule us out on a further improvement type of 
patent. 


(Continued on next page.) 
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Q The Exhibit 22 -- 
h I note also in this entire context that titanium nickel 
as a powder is in the patent as Example 6. 

Q Yes, I was about to mention that, whether you 


knew or could explain why nickel titanium appears 46 Example 6 


and yet is omitted from the table. 
A Well, that would be in that context that powder we 


weren't concerned about acting like a fuse and requiring 


further invention to improve over it. 


Q Well, nickel titanium is a pair of two metals 
wh’ ceact exothermically. 
A Yes, and this -- this -- 

Q Now, why isn't nickel titanium, if you know, in 
the table? 
A For the reason I just explained. 

Q Then why is it an example, Example 6? 
A The example is explicitly as 4 powder. The table would 
imply wires as well as powders. 

Q So that nickel titanium as 4 wire is prior art 
but nickel titanium 48 4 powder is what you purport or attemp 
to cover in this patent? 


MR. SPRUNG: Hie didn't testify it was prior 


MR. CALIMAFDE: Well, I'm reading his language. 


JA 
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fle says “wire prior art” in Exhibit 24. 


SPRUNG: He said prior art to his own 


MR. 


invention, his own improvement. 


I am only reading what is 


MR. CALIMAFDE: 


MR. SPRUNG: Well, he just explained what 


he meant. 

THE WITNESS: This invention, 48 I have 
understood it all along, has the priority date 
of 1960, and we are now talking about another 


completely possible different invention that 


would have been in the middle'60's, and then we 


w 


would have been concerned about the prior art 


situation. 
15 
Q $0 that your reason for not informing -~ strike 
16 
that. 
7 
Your reason for not including nickel titanium -- let us 


18 
take an example -~ in the table is that as a wire it was 


19 
prior art? That's in the ‘64 application, the 1964 appli- 


20 

cation? 
21 

A I was aware of some ~~ some wire available as fuse wire 
22 

in the early 60's. 
23 

Q That same answer applies to copper aluminum, 

24 

where on Exhibit 24 you have ditto marks for “wire prior art"? 


3 Ingham-cross 2022 


A I @on't recall how t! 
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wt would apply to copper aluminum. 


I'm -- there is an indication that it's less than 7500 calories. 


I don't recall the context 
Q po you recall 


"prior" in Exhibit 2, next 


A It's possible. It was a long time ago. It's possible 
that was one of the fuse wire items. 


Q Are you now speculating, Mister -- 


aN I am not speculating 
happened ten yeare ago. 


Q All right. in 


after Example 33, it says “Table 1 below gives examples of 


further component pairs wh 


and/or wires." vo you see 
A Yes. 
Q Now, despite 


that you omitted nickel ti 
believed it existed as a W 
powder? 


A I was -- that is my 


about a subsequent patent we might file. Not with respect to 


this patent. 


Q All right. 


A And -=- and that statement that you just read doesn't 


of that. 
the context for writing the word 


to aluminum palladium? 


en notes and what might have 


the preamble to the table, riyht 


ich may be used to form the powders 


that? 


that preamble was it your testimony 


tanium from the table because you 


dre in prior art but not as a 


recollection was that I was worried 


%. 
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indicate that this table has to be all-inclusive. It's just 


| examples of further pairs. 
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You have referred to the Bradstreet patent? 


This patent discloses 4 powder for flame spray. 


Have you read this patent previously? 


5 | I think you testified on direct that you had? 


3 | A Yes. 
| 
i 
7 A Yese 
si Q 
9 | 
10 | A Yese 
— Q 


It does refer or disclose a powder for flame 


spray and the powder includes aluminum? 


/oQ a&Luminum ig in the amount of five to seven 


12 || percent by weight of composition? 


i] 
tl = 


| Q 
i 


13 | A Yes. 
i 
14 || Q 
1 
is | A YeSe 
zt 
16 || 16] 
I 
17 || A YesSe 
18 | Q 
| 
‘9 I A Yese 
it 
| 
| 


29 i A 
73 (|| Q 
24 || A Yes, 


coated at their highest temperature. 


The aluminua underg ves an exothermic reaction? 


While in the flame? 


To raise the temperature of composition? 


The particles as disclosed by Bradstreet, they 


reach the surface to be coated at their highest temperature? 


I don't recall that statement. 


Look at column six, line sixteen. 


4t says particies should reach the surface to be 
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2 
Q Ien't it a fact that Bradstreet recognized in 


its patent disclosure that even 4 gmall amount of a flave 

' can make the difference between securing an adherent coating 

on to the surface, or a coating that is likely to crumble off? 
A Yes, certainly adherent as compared to crumbling. 

| Q Noes he recognize that the flame catalyst 

adds to the temperature of the composition? 


A Yes. 


" Q And the Bradstreet patent which discloses an 


si oO wn 
ee 


amount of five percent by weight of aluminum, if nickel were 
substituted .for the metal oxide would there be any substantial 
difference between Bradstreet and the Bxotec powder? 

a A Bradeatreet powder is a blend, so, yes, there would be | 
iS | a aifference. | 


" Q In that composite then, Bradstreet would be a 


7 | mature? 


Lae That is a physical difference. 
" Q We have a difference. 
20 A He certainly teaches that the exothermic reaction is 


21 | one of burning in the air in the process of flame spray which 


22 || nas patent is directed at. 


23 Q And that the aluminum is the source of the 
ae 
24 || exothermic reaction that generates the conditional heat? 


A YeGe 
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Q I refer to the Haglund patent. 
I assume you read that? 
Yes. 


Q Haglund discloses a material for fiame spraying 


| in composite form. 


A 


Some of it is composite. 


Q So he discloses a material for flame spraying 


in composite form ? 


A 


Yes. 


The material includes aluminum? 


Plus refractory? 


He indicates that aluminum has a strong positive 


heat reaction? 


| A 


Yes. 


Q Does he also disclose that the aluminum reacts 


exothermically? 


A 


i 


A 


Yes. 
Q To raise the temperature of the material? 


I don't specifically see where he speaks of raising 


| the temperature of the mate rial. 


Could you point it out? 


In column one, beginning at fifty five, the words are 


| net the same, hut the sentence begins with the reaction be 


| JA 972 | 
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2 aluminum and dioxide is exothermic in nature, which means 


Ww 
a 


that heat will be given off, yeBe 


Q If heat is given off in this exothermic reactio 


isn't it the effect to raise the tempereture of the material? 


| 
| 
| 
6 | A That would be speculation. 


7 Q Can you make that speculation? 


Noe 
9 ra) I will come back to that. 


Doesn't he disclose 4 piece there, aluminum has & 


11 || eritical influence on the result obtained by the flame spray 


technique. 


Zook at colium three, lines one, two and three? 


14] A It says the grain size of the aluminum powder has & 


critical influcnce. 


16 Q If you start at that peragraph at the bottom of 


it has been found that the amount of grain besides 
t obta ined, 


17 || column two, 
the aluminum has 4 critical influence on the resul 


he mentions a range of two to six percent. 
Ie that right? | 


21 | A Yes. | 


Q Isn't it a fact that Haglund also recognizer 


the importance of the dnoremental increase in heat and as & 


nN 
nN 
——— 


24 || result uses the aluminum for producing that incremental increage 


in heat? 
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This patent, 2nd so does the Bradstreet patent, makes 
the statement -- 

Q Answer my cauestion. 

These are not bonding materials. 

That heat, if it is there, does not achieve that result 


Oo vou mean based on your testing of the powder 


which presumabiv resembles the powders disclosed in thase two 
patents -~ 

A Based on that as well as the entire history of experien¢ge 
flame spraying many materials similar and different which 

| become recognized. an suitable for different purposes. 


fe) tn the Naglund patent, if nickel were substitut 


for the refractory, would there be any substantial difference 


between Haqlund and the Fxotec powder. k 


A Can we take the individual exarples? 

Q Can yon answer mv cemestion as worded? 

Yes, there would be a substantial difference. 

9) What would that be? 

Fxample one is a wire comprising of mixture. 

D . Can't vou answer that question without resorting 
to examples. 
A That is made of a powder. It 4s cindering in a furnaces 
at 1290 dacrees and then it is crushed. 

That certainly wouldn't make a powder anything like 


the fused powders. 
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| 
| 
Q You are limiting yourself to the description 
the example? 
A I can take any part of it, 

If you wish -- 

Q Just a moment. 

If you wish to limit yourself to any example, you can 
do it. I will move on, 


A I read elsewhere that the refractory is mixed with 


powdered particles of a metal for instance aluminum. That is 


a mixture. 
Q Are you referring to an example? 
A NO. 


That is a column one, line 38, where it says accordingl 
the pre-invention, the individual particles of such coated 
materials were an oxide film of silicone oxide or mixed with | 
a powder mixture for ‘stance aluminun, 

Q You are simply saying if we substituted nickel 
for the refractory in Haglund, it would be your opinion that 
Haglund wouldn't produce a powder similar to it? 

A That is correct. 
Q Let us go to the Shwayder patent. 
rT Does this diaclosa« a flame spray powder in composite fo 
This is tides at nickel and tunqsten carbon. 


Q According to the patent, is the nickel melted by 
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the heat, has the particles -- well, is the nickel melted by 
the heat as the particles travel toward the work piece? 
A X don't see anything about melting. 

Q Column three. 

Do you see it? 


A Yes, I am sorry. 


Q As the particles travel toward the work piece 
and it cements the particles to the work piece, the melted 


nickel cements the particles to the work piece. 


A That is the phrase he uses. 
Q And the nickel is fused to the metal surface? 
e' I don't see the word fused. 
Q Claim one, line 32. 
A All right. 
Qa If in this patent, a small percentage of nickel 


were added to raise the temperature of the material as suggest 


| by Bradstreet or Haglund, <= 


THR COURT: Don't you mean aluminum? 
MR, CALIMAPDEs Yes. 
Q If in this patent, a smaller percentage of 
aluminum were added to raise the temperature of the material 
as suggested by Bradstreet and Ranglund, then there would 


be no substantial difference between Shwayder and the 515 


| patent. 


| JA 976 
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A The context of Schwavder patent is the heating of the 


5 | 


will fuse, so that it is of the spraving weld or self-fluxina 


| or self<fusing type of process, and that is the context of 
6 
| this fuse. 
* 
fe) On column two, we have the section entitled 

' hard surfacina hy Ff? ane anravinog? 
9 

A Yer. 
10 . 

9 Tet us direct ourselves to that. 

" In column three, he explains from where the heat 
1 
; comes, that is aprlied to the work surface. 
" Tt heains at tine 11 in column three, with this hard 
" bracing material at a low metal point, and a wide -=- 
he a mhat ie a self-fluxina alloyed material. 
es a) And thus increased adhesion af the narticles to 
17 

the work piece. | 
" The amount of the enlmonoid~ number six added if any | 
19 | gs desired for anv partienlar application, Cepends on the | 
20 speed of the flame apraving, the heat, the work piece and | 
21 may be determined »y tests. 
22 || A What it simply savsA is ‘colmonol¢ number six can he | 
23 | 


used to improve the situation. 


xv 
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| 
Q It's quite obvious, is it not, when you have 4 


gun which is at 5,000 degrees Farenheit, 5 to 7 inches from 
a work piece, you would be simultaneously heating the work 
piece as you're spraying the metal on it. In fact, you canno 
avoid simultaneously heating the work piece, could pu? 

A There would be a little bit, but when they go out 

of the way to teach it and use the word hard surfacing, then 
that is talking about something that is known in the art, 
those phrases mean something to somebody in flame spraying; 
that he heats the work piece up to a much higher temperature 
whereas as came out earlier, in my own testimony and even in 
documents from Eutectic, the work piece is not supposed to 
get higher than 500 degrees in ordinary flame spraying. 


Here, he is teaching to heat the work piece to get a 


different result. On would read this patent forgetting the 


fused type of coating by applying the flame heat. 

Q Look at column 3 now where he goes on talking 
about the process beginning with the first full sentence 
"However, by nickel coating the particles as herein described 


the nickel coating being melted by the heat --" the flame 


sprayed heat -- "as the particles travel towards the work 
piece.” 
A Yes. 


Q "Cements the particle to the work piece.” It i 


— ~ as par 
© o ~~ a 
ee eee i ee 
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the heat -~- 


» 


A 


That is in the same paragraph. 


Q Let me ask the question. 


Simultaneously flame heating the work piece. 


Q Correct. Here, he's describii.g the nickel and 


the nickel is travelling towards the work piece, melted by 


ceceeannnnatentanaesaassaata aD 


the heat as the particles travel towards the work piece, 


cements the particles to the work piece and any loss of 


material is sustained by the coating rather than by the 


expensive tungsten carbide. The coating he's referring to 


there is the nickel coating; isn't he? 


A (No response.) 


Q This is a nickel coated tungsten particle; is 


it not? 


A I have to check carefully because it also speaks of 


coating with a nickel phosphorous alloy. In this case, he 


says nickel, yes. 


Q Yes. He starts with a tungsten carbide which 


is a hard material. 


A Yes. | 
Q He coate it with nickel? 
A Yes. 
Q As a composite, isn't that true? 


Coating, yes. 


JA 978 
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Q Yes. That nickel coated carbide is flame 
sprayed onto 4 base metal? 
A Yes. 

Q The heat of the gun melts the nickel and to 
use his language “cements the particle to the work piece,” 
and any loss of material is sustained by the coating rather 
than by the expensive tungsten carbide. He's using the nicke 
asp a matrix to hold the tungsten carbide and to cement the 
tungsten carbide to the work piece? 

A Yes. 

Q Look at your example in the patent, column 12. 
peginning at line 19. You see that, nickel aluminum com- 
posite powder; do you have tnat? 

A Yes. 

Q "The nickel aluminum composite powder and the 
mixture reacts exothermically in the flame providing self- 
ponding properties of the mixture and being fully molten .on 
{impact to the substrate becomes the matrix which securely 


binus the tungsten particles together in the coating." SO 


that the only thing missirg from Schwayder is a gmall amount 


of aluminum. 
lie has a nickel coated tungeten carbide. The 
nickel serves che function at the matrix to cement the tungst@¢ 


carbide to the work piece. If he had 20 percent by weight of 


5 || A The nickel also with the tungsten? 
6 Il Q Aren't you mixing the cezcbon tungsten -~ 
wi A It's a very different form here. Example 21 discusses 
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aluminum, then he would have 515 exactly, would he not? 


A NO. 


Q Pardon me, sir? 


No. 


Well, as I read example 2ai- 


Q 


Example 21 discusses & nickel aluminum composite. 


Q Yes? 


Is that what you eaid? 


Q What I said was -~ 


Maybe I misunderstood you. You said simply adding 


A 


some aluminum. Simply adding aluminum wouldn't do it. 


Q In Schwayder, we should add aluminum so it's 


in composite form with the nickel? 


cobalt bonded tungsten carbide mixed with a composite of 


nickel aluminum. 


(Continued on next pege.) 


Inghar:-cross 
BY MR. CALIMAPDE: 

Q Txample 21 includes cobalt bonded tungsten 
carbide mixed wit) 2 nickel aluminum composite? 

Yes. 

Q And Schwayder has a nickel cladded tungsten 
carbide? 

A That is a form of cobalt tungsten carbide composite, 
but it is not what's known in the art 4s cobalt bonded tungst 
earbide. 

Q bo yu recall in connection with your example 32 
in the 515 patent which is an example in making the wire form 
rN Yes. | 

9) In that wire form, you compact the nickel 
alwainunm. You form a compact of the nickel aluminum powder 


| 
and you contain it within an alwninum tube or tubing? | 
A Yes. 


a whe Court asked whether the powéer in exhibit 34 


was a mere miyture. As I recall, your answer, you said it was 


held ir tight physical relationship by tne tubing? 


A And the aluminum iteelf. The powdered aluminum forns 
around, fills in all the holes and forms an integral structure 
with the powdere? nic inside the tubing. 


for exainle, when you break or cut off this wire, it 


| 
stays together. wo. powder lcesn't fall out the end, 80 we 
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not a loose mixture. It is a structural, integral compa:*. 

Q You don't have a binder in the powder between 
the nickel aliminun in example 32, uo you? 

A The aluminum itseil acts as a binder, e aluminun 
powder inside. tt's soft and it forms around and between. 

Q net's explore what it is not. It is not a 404 
type of construction. It is not nickel clad over aluminun, 
is it, in example B22 
A It's not a powder. 

Q No. It's ne: a form in which the aluminum is 
hela by a binder to the nickel core, is it? 

A There is no other binder. 

Q So that if you have the aluminum particle and 
the nickel particle simply compacted together and contained 
within the aluminum tube in example 32 -- 

A Yes. 

Q The patent recognizes, does it not, that the 
aluminum will melt ir the wire form, the aluminum will melt 
first. 


In other words, it is the first material to 


case of wire, does it say that? 
Q YeSe 


Where are you, referring to? 


| 


tw 


oO 


10 


15 


16 


20 
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) I'n referring to the patent. I thought, perhap 
you knew from your faniliarityv with the patent. If not, look 
at column 3. 

DO Vou Lae first, that the patent does say it 

We can move alon+ faster if you do know it. 
A Do I have a cuesticn? 

oD) Yes, toe Guestion is doesn’t the patent recog- 
nize that the aluminum it. wire form is going to be the first 


element to melt away? 


rt 


B. it may. Just don't reeall the circumstance here. 


Q ‘Fer exasple, if you look in column 3, beginning 


bas 


at Vine 35, there Sescribed a wire of nickel and aluminum. 


Tis statenent is macs “the core must ke nickel, otherwise --" 


ch 


A Yes, all riq! 
Ww) "THO 2lueinin will melt out Elest. 
a Now I know what you’re talking about. 
¢ TE you :nake your tabing out of the aluminum, 
the aluminum melts first. Now, you have a mixture in mid air 
of nickel aluninum, Jo you not? 
A NO. 


uw You don’t? All right, look at the Herz patent 


OS, e-r-4. Herz discloses, of course, that 


— ee ">. 
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nickel anc aluminum composite. You have Herz, Mr. Ingham? 
A 

Q "le discloses a composite of nickel aluminum 
powder, does ‘é not? 


A {I don't think 50. 


Q Does he disc?-se a compacted slug, to use his 
word, of about 2 inches in diameter and 2 inches high of 
nickel and aluminum purticles? 

A I've heard the phrase. 

(9) In column 2, beginning with line 64, where he 
discusses the making of the slug ~~ 
A Practice to compact the powder mixture of nickel 
aluminum and zirconium into solid slugs. 

Q Ther. he gives dimensions about 2 inches high 
and 2 inches in diameter. Do you see that? 

A Yes. 

CG Now, if you take that slug and you place it in 
a tube of aluminum of suitable size for fiame spraying, then 
you have the 405, exaiaple 32-A, do you not? 

A No. Wire isn't 2 inches in diaineter. 


Q No, I said if you take that slug and, of course 


elongate it and place 4t into an aluminum tubing of a size 
suitable for flame spraying, then you have example 32-A? 


AG You're adding a lot of steps that aren't described 


Ingham-cross 


Q Let's talk about Maskiw for a moment, a very 
brief moment. You've heard about the .umber of combinations 
in Maskiw. Isn't it a fact Maskiw mentions 2 number of 
cladding metals an: a number of core metals by, I think, I 
heard, if you take every possible combination, it comes out 
to be a number in the 400'Ss. 


SPRUNG: 455. 


Q If you look at the group of 4, which appear in 


line 37 of column 2, the group of silver, copper, nickel and 
cobalt and you calculate your possible combinations, you 
duce it to about 140 or 14; -- 136. Do you wish to take 
word for the arithmetic? 

A All Fight. 

Q The number cf combinations in your patent, as 
I read it, is 142. Do you know how many of the Maskiw com- 
binations coincide exactly with the number of combinations 
in table 1 of the patent 515? 

A No, I haven't made that comparison. 

Q My arithmetic tells me 12. It doesn't surpris 
you to hear there are 12 identical combinations in Maskiw and 
the patent -- 

A 12 owt of the 4557? 


Q 12 ont of 136, 136 in Maskiw; 142 in the 515 


Ww 


eect ttn en 


commana 
eo 
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patent; that there are 12 identical combinations appearing 
jn both tables. 

Let's go on to the Gutzeit patent for a brief 


moment. As I understand it, br. Ingham, you tested the 


material which you obtained from the Kanigen people; is that 


correct? 
A The Kanigen people? 
Q I may not be using the correct name to describe 


the supplier of the powder. Is it called the Kanigen process 


or Kanigen powder? You used the expression on your direct 
examination. 
A I called it a nickel precipitate, a waste material 


obtainable from users of the so-called Kanigen process. 


Q You purchased this powder from a supplier? 
A Yes, there's a document. 
Q The powder you purchased contained how much 


phosphorous anc how much nickel? 


A I found it out to be about 9 percent phosphorous. 
Q Pardon me, sir? 
A 9 percent phosphorous. 
Q 9 percent phosphorous, that would make it about 


gl percent (sic) nickel? 


A I believe 80 --" 


Q G1 percent. 


Oo 


eeeeneeeeen ee 


~~ 


@ 
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A I believe so. 

Q Did that proportion correspond to any of the 
nickel phosphorcus examples appearing in the earlier appli- 
cations, do you know? 

A Any of the earlier applications? 

Q The patent applications that contained the 
nickel phosphorous exanple? 

A You mean the earlier application preceding the $15 
patent? 


Q yos sir. 


Ingham-cross 


404 powders and 


24 | Q All right. “Footnote 7 with 


1a | 
25 404 N.S. powders, proper spray distances especially important 


| 


| 


21 


22 
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bond strength, reliability fall off rapidly outside of the 
recommended range." Is that same statement applied to a nickel 
phosphorous powder? 
A I don't know. Since I got zero bond strength at 
different parameters, I don't know whereby any falling off 
winian it would be falling off on zero. If you're comparing 
with something in example 11 in talking about excellent 
coating, example 11 is not the Gutzeit material. 

Q What is example 11? 
A Example 11 says "A nucleus of elemental phosphorous 
powder was coated with nickel to form a nickel clad flame | 
spray powder.” This is a nucleus of phosphorous and coated | 
with a cladding of nickel. That's not the same as the 
Gutzeit. 

Q I directed your attention to the wrong example. 
It's example 5. Is that the Gutzeit powder? 
R That's not the Gutzeit powder. That says, example 5 
says "A nickel phosphorous powder, having a size between and 
containing 8 to 12 percent phosphorous is coated with nickel. 
The Gutzeit powder isn't coated with nickel in the Gutzeit 


patent. Again, it's under different circumstances. 


Ky OF 


Inghan-cross 


4 I Q Let me conclude this examination by discussing 


this briefly with you, Dr. Ingham. 


6 | TUF COURT: What exhibits again is that? 


MR. CALIMAFDE: MK. 


8 Q In your square numberes 1, you show a particle 


which you entitle aluminum clad nickel powder. Do you have 
any photograph which purports to show a particle within the 


aluminum is directly in contact with the nickel core? 


A I think I testified on that whole matter. 


| 

| ; 
| Q Is the answer you do not have a_ photograph 
| which shows? 


15 A I did not bring in photographs. 

16 Q Pardon? 

17 A I did not bring in photographs. 

8 | Q You do not have any photographs in Court which 
| 


show the aluminum in direct contact with the nickel core; is 


19 

20 that correct? 

21 A (No response.) 

2 | Q Is this powder particle supposedly representa~ 

23 tive of a Metco 450 powder? 

4 A I think as 1 testified earlier, that this was | 

25 | schematically representative of the 450 and the accused powders 
| 
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and was not intended to be any one particular powder. I even 


believe I testified that one can expect yariations in the 


; + 
degree is cladding, but that doesn't change the consent. 


c Ien’t it a fact that except for those two 


photographs produced by Patel, which he said represented less 
than 1 percent of all the particles he had observed which wer 
more than 100, all of the photographs of the particles showed 
an incomplete enclosure of the nickel by aluminum? 

A I think thet various degrees of completeness are there 


g Looking at your example KM -~ 


A I also think the scan electron microscope pictures 
which you brought into the picture don't show any gaps in 
the aluminum cladding. 

Finally, I haven't -- since you're pressing it, I 
haven't said too much about this. The mechanism or mechanics 
of mounting a particle like this where the aluminum is heid 
onto the nickel nucleus with a binder, the mechanics of 


mounting these involves going through a process of sectioning 


and polishing with a grit, grinding material. My experience 


with this technique is that, through the years, we've gradually 
been able to inprove it and get better and better results, 

but there is an obvious tendency for it to move around the 
aluminum particles and therefore, the exact appearance from 


such a section, I don't think is entirely representative. 
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Q Let me try to make my questions more concise 
and I would ask you to make your answers more concise if 
possible. ‘Your exhibit KN is not of a 95/5 powder, but 85/15 


powder, is that correct? 


A That's correct. 


Q In this exhibit, if we look at the one which 


shows the least amount of surrounding of aluminum, we would 
have a nickel core with aluminum expending or overlapping one 
portion, but each aluminum particle is sprayed by a binder, 
isn't that true? 
A I think I testified to that effect there is a little 
bit of binder, but you can't tell from such pictures how wide 
a gap it is. 

Q The fact is there is a binder around the 
aluminum particle? 
A Yes. 

Q Is there a binder separating the aluminum 
particles from the nickel core? 
A That can separte the binder -- 

Q Is there a binder separating the aluminum 
nickel core? 
A A thin layer. 

Q Let me see if I can draw up here just very 


briefly what we're talking about. If that's a nickel core, 
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then we have a layer (indicating) of binder which you say is 


a very thin layer and then if we look at your examination, 
KN and we look at the center showing, you've got particles, 


clusters of particles. Fach of these particles is surrounded 


with a binder 4s well as a binder existing between the 


aluminum and the nickel. 
The second square is supposed to represent what 


happens after it's been subjected to a flame; is that correct 


A (No response «) 


(Continved on next page.) 
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u know the melting temperature of the particle ~~ of the | 


ture of the binder? 


| 
| 
| 
2 | po yo 
| binder? The melting tempera 


4 A Tt starts to soften up, Oh, 3- 400 degrees. 
| 


5 Q 3- to 400? 


6 | A Yes. 


7 | Q So does it burn off by the time you get to 600 
degrees? 

9 A Not in this short time period. 

oe Q Pardon me, sir? 

a A Not in this short time period. 

2 | Q Well, in this short time period we're talking 

13 | about we have this particle -- 

14 A Well, perhaps ~~ well, perhaps it is just being burned 

15 | off as it reaches the 660 degrees. 

16 Q In the short time period of one to two milli- 


17 seconds, is that right? That's what you're talking about? 1\ 


18 A Well, it's even iess than that, since we're talking 


about the initial stages. 


Q This particle comes, is impinged by 4 flame of 


what, 5,000 degrees? 


ink that flame would help push those 


22 A Yes, and I even th 


rticles closer to the nucleus. 


23 aluminum pa 
stions and we'll find out what 


Q Let me ask the que 


The flame is at 5,000 degrees Fahrenheit 


25 happens, if we cant 


25 
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and the nickel particle comes nto the path or is subjected 
to the intensity or heat of the flame; the binder bagins to 


melt at 3- to 409% “‘*ees; at what temperature does the 


aluminum begin to . t exothermically? 
A 660 
Q That's the -~ 
A That was -- it shouid be about 2- to 300. 
Q 2- to 300 centigrade? 
I These are round numbers. 
Q And this is the melting temperature, or is this 


the ignition temperature for the exothermic reaction? 

A Well, the -- first the melting temperature of the 
aluminum, and the ignition temperature would occur when the 
aluminum has meltec. 

Q That's one of these pieces of information which 
you said you read in the Bureau of Mines article, that the 
ignition temperature is higher than the melting temperature? 
A If you're talking about -- by ignition I'a refer~ ing 
to in this case “he reaction between the nickel anc sluminum. 

Q Talking about the reaction between the aluminum 
and the oxygen? 

Oh, that would be at a higher temperatures 

Higher than what, meltino™ 


digher than 660. 


— 
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a 
Q Yes, Now, I asked yeu I believe where you you got | 
that information from. Is that what you said, you got it | 
from the Bureau of Mines? 
A That was in some Bureau of Mines typecf thir. = 
MR. SPRUNG: Do you want ~~ we've brought 

in the bock, if you want it. 

Q Let me show you & book, ox an abstract, & few 
pages, rather, frcmthe pook entitled, *"powder Metaliurgy and 


Nuclear Engineer ing," whieh gives the ignition temperature 


for aluminum at 645 degrees Cc. 
A z'm not familiar with this reference and it says anak 
about Of. Is that crone? Does it apply to this a | 


Q *gnition and explosion properties of aa cloud. 


Aluszinum through 270 mesh. Ignition temperatuse 645 degrees ¢.” 


A The next column siys something about 62, 2e01e? 
Q *concentration of osone par crdic foot." 
A Y don't @- that must not apply to this kind of situation. 


where ic no osone here- | 
a Well, in your book ef the Bureav of Mines does | 
it show an ignition temperature? | 
A Yes, sir. 
MR. SPRUNG: Yes. Can we mark that as an e 
exhibit? 


. CALIMAPDE: We certainly can. Let's of fer 
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| it, because as we read this it shows that the 
| ignition temperature is below the melting tempera~ 


ture of aluminum. 


THE WITNESS: And aluminum which has melted 


around the nickel -- 


Q That's not my question, sir, not what has melted. 


| 

8 | I'm asking whether the aluminum, the fine powder aluminum, 
| will ignite exothermically with the oxygen prior to the time 
| 


10 it melts. 
"1 Bh This gives different data for different sizes, and -~- 
12 | Q make the finest size of the particle. 


it's hard to judge exactly from what is in here, but approx~ 


| A And the finegec size, and I think the powder which -~ 
here is probably still 


imately the finest eize represented 


15 
net as fine as the powder which ig clad onto the 450. 
Q So the finer it is ~~ 


A The finer it is the lower ~~ 


Q (Continuirg) -~ the lower will be the ignition 


| 
temperature? 
A Now we have almost complete evidence thoughout this 
entire trial that nothing has taken place until the particle 


has reached the melting of the alvminun. 
Q No, we haven't established that at all, Mr. Ingham. 


And once it has, then it acts like a large particle, 


ba} Oo wm 
————————— 
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and the temperature is 900 degrees. 


Q Mr. Ingham, let's stop playing games with each 


other. ‘Tne question is very specific: If asked you at what 


temperature does the aluminum -- 


MR. SPRUNG: Well, = object to that charac~ 


| 

| 

| 

| 

terization. Dr. Grant clearly testified that a 

nothing occurred until the melting point in his 
graphs. 

Q I'm asking you whether there is in this paper | 

from the Bureau of Mines a temperature at which the aluminum | 

| 

| 


will react exothermically with oxygen. 
A This refere to free aluninun dust that does not have any 


binder and nickel involved. 


Q Well, what is the ignition temperature for the 


free aluminum dust in the Bureau of Mines article? 


© 


A Where there is -~ where there is no binder resin and 


é 
‘ 
t 


nickel involved this particular temperature is 490 degrees. 


# 


Q 430 degrees C, ignition temperature ~~ 


| 
| 
| 
| 


A , Of the dust, if it's disconnected and free of surrounding 
resin and nickel. | 

Q Of aluminum dust. Yes. Now, what is the ae 
temperatura ,if it is given in that same article, of aJuminum? | 


A This article I don't believe goes into melting tempera~ 


bo 
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Q Is the melting temperature 660 degrees, as you 
have previousiy given it? 
A Yes. 

Q All richt, so that now in effect we have dust 
particles contained within a binder, dust particles of 
aluminum contained within a binder about the nickel core, is 
that correct? 

A Clad on to the nickel core. 

Q All right, now, that's subjected to &@ tempexatur 
of 5,000 degrses Fahrenheit flame? | 
A Well, when you say subjected -- 

Q Yes, when this is subjected to u flame at 5,000 
Fahrenheit isn't it true thet the first thing to go would 
be the binder, since it had a melting temperature of 2- to 
300 degrees, Fahrenheit? 

A It will start to go, but we have such a short time that 
it cart go that fast. 

Q Well, on what do you base that information of 


that statement? 


A Well, considerable -- 
Q Do you have any facts to -~ 
A Considerable evidence. Por example, very specifically 


this 4.0 powder, as you socked earlier as to why it was 


developed, it is a very low smoke material. The amount of 
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smoke generated -~ 


3 Q Can you answer my question, sir? 
re ge (Continuing) -~ from burning aluminum is almost nil in 


5 this powder, so there is no evidence of burning aluninus 


dust. 
Wherean waen we blend this kind of powder with ths 


~« 


nickel and ¢#pruy it there is considerable evidence of the 
smoke, ani I think that is @irect evidence that the aluminum 


has not iguited in that fine form and that it has been pro~ 


| tectet br the resin. 
| Q Have you ever taken & particle, subjected it to 


a fleas or a temperature of 2- to 300 degrees Centigrade, 


and the. examined that particle? 


—————— 


14 
A No. 
| re) Have you ever taken 4 particle and subjected it 


to a teaperature of just undex 490 degrees, ané then examined 


18 | it, just prior to the ignition point of aluminum? | 


“. A Have I examined it while it's at a temperature of 490 
A»grees? 
20 v 
| Q No, have you ever heated a particle to a tempera 


ture higher than the binder’s welcing temperature but less 


2. 
| than the ignition tempera’ure of aluminum? 


A Ne, that would have %«¢ correlation with flame conditions. 


24 
Q Now, if the binier melts, assweing that this 


: y \ e RK ¥ 
‘ pee! DNS ‘ 
A y $; b (* 
wer * 
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remains in flight during the period of time when the binder 
musts away, isn't it a fact. you have a dust of alvminum 
simply surrounding the nickel core but travelin; in space 


at a very high velocity? 


A % don't believe the binder hag maited away ‘*; chat 


Q But you have no knowledge of that, is that 
correct? 
A Based on very strong visual evidence of the spraying. 

Q You would visualize the binc.uc as it's heing 
sprayed at one or two milliseconds? 
A I visualize this smoke that either comes off or foesn't..| 


Q But the smoke that you referred to is in cunts | 


tion with the 404 particle which has nickel on the outsi¢e 
and 20 percent aluminum on the inside, is that correct? 
A No, no, I'm referring to the emoke that is generated | 
with a simple blend of nickel and the fine aluminum, the 
blend of 5 percent aluminum without any binder. 

Q In examining the coating have you ever detected 
any aounts of this binder resin in the coating? 
A ®, I think that is many steps along the way. i think by 
the time you've gotten to the coating the bindex has 
essentially gone. 


Q So you think the binder is go‘ng but it 4. «8 mor 
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slowly than the aluminun, which melts at a higher temperature? 
A Well, for example there are six squares of progressions 
there, and the binder would only have to disappear in the 
time period of the first one, not the next five. 

Q I want you to stay with this example for a momen 
before we go back to these squares. If the binder is not 
observed and has not been observed by you in your coating, 
in th: spray coating which has undergone analysis, then the 
binder has left this structure sometime between the impinge- 


ment of the flame and the time it arrived at the substrate? 


i hat would be correct. 
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Q Now, if the binder meits at 2- to 300 and the 
ignition temperature of the aluminum is less than the melting 
temperature, the aluminum will ignite before the metal, 
assuming these temperatures are correct; is that true? 
A And also assuming that the binder has left by that 
point. 

Q And assuming at least some of the binder has 
left at that point? 
A Essentially -- 

Q Since it's going to melt away at 2- to 300? 

Essentially, all of. 

Q Pardon me? 


Essentially, all of. 


JA1004 


Q All right, if the binder had not disappeared 
but remained in homogenous state or in contact, the we 
had that binder between the aluminum and the nickel, so that 
we don't have contact between the aluminun and the nickel 
as long as the binder exists; isn't that true? 

A where coald just be a little spot of eluminum -- of ~~ 
of binder underneath the aluminum, and the aluminum can flow 
out beyond’ the binder. 

Q Phere would be a little spot ef an opening 
the binder and the nickel, but there is no opening in the 
binder which surrounds the aluminum; that’s your testimony? 
A Yas. 

Q tf there is no little spot, open spot, between 
the nickel and the aluminum, so you do have a binder, then 
according to your sequeace of events here the aluminum will 
never react with the nickel, will it, because the binder is 
separating the two? 

A What? 


Q X said aseusing your -- 


I 


JA1005 


ao Ingham-cross 
A Oh. 
Q (Continuing) -- hypothetical here -- 
A Well, I even visualize that the binder can still be ther 


to a larger ex tent, and as the aluminum melts and -- and lcses 
its shape it is in turbulence here and being pushed around on 
the particle, it can flow over even 4 little bit of binder, 
but by then the binder is really going to melt and -~ and 
move out of there. 

Q The time is enougu, that very brief time which 
is not enough to melt the binder is long enough to allow the 
aluminum to melt and flow homogenously, like a melted ice- 
cream cone? 

2 It works, so apparently that's the case. 

Q Well, we'll find out if it works in terms of 
what's next, coatings, 

But in terms of what is happening ix, Zlight, either the 
binder is there, and if it's there then your aluminum is not 
going to contact the nickel, isn't that correct, if the bind 
does not melt and the binder remains around the aluminum, 
so that the aluminum does not ignite, ami the binder separate 
the aluminum from the nicxel, then your aluminum is not 
goins to react with the nickel if the binder is there? 

A The binder has to be at least melted at this point. 


Q If the binder has melted and left the aluminun, 
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now the aluminum temperature is such that it will ignite? 
2 A Not if it's still connected through the binder to the 
nickel. 
5 Q O.K. I feel I'm getting involved in argument. 
I don't want to do that. 
You want it both ways, you want -- 
A The size of the particle has very much to do with 

whether it will ignite, because it has to do with the flow 


of heat. 


Q Yes, you want it both ways, Mr. Ingham. You 
want the binder to remain there around the aluminum to 
prevent the aluminum from igniting, but you want the binder 
to move away from between the aluminum and the nickel so 
that the aluminum can melt? 

MR. SPRUNG: I object. We are getting argu- 
mentative now. The witness -- 

MR. CALIMAFDE: I don't want to get argumenta- 
tive, either. 

Q Let's talk about this coating, because that's 
another hard fact. Do you have any evidence in regard to the 
coating which would support your theory that the aluminum 
melts on the nickel and reacts with the nickel? 

A I don't think the coatinc, what -- what is in the coat 


is capable of demonstrating whether that has occurred. 


e 
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Q Do you -- so that your answer is no, you don't 
have any -- you don't have any evidence which would support 
the theory? 

A Not only don't I have evidence -- 

Q The theory th. the aluminum would melt -- 

A (Continuing) -- but I don't think the coating can prov 
that evidence. At least -- let me put it another way: It 
may or may not provide that evidence. 

Q If the aluminum melts on the nickel, as you 
suggest -- 

A Wo, I also -- I -- 

Q Let me ask the question: If the aluminum melts 
on the nickel, then according to this grand sequence of thing 
you will have an aluminide reaction? 

A Yes. 

Q And if you have a nickel aluminide reaction that 
will be detectable in the final coating? 
A Well, if -- 

Q Yes or no, sir? 

A If it is detected then that has proven that it has 
reacted. 

Q And -- 


If it is not detected, that is not proof. 


oF 


Ingham-redirect 


23 Q Now, you were aa?.d in connection with the 


patents in suit whether there was any example showing 5 per- 


24 


25 cent aluminv.. What was your understandir« of the word 
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example? 
A The patent in suit, you mean the 515? 
Q Let's iook at the 515. 
A Lxauples as are numbered, example 1, example 2, and 
go On. 
Q pid you find other than numbered examples ~- 


Is there anything, any exemplification of powder containing 
about 5 percent sluminum? 

A Well, in addition to what is determined from the 3000 
calories, as on column 3, right in the front on figure l 
“nickel clad aluminw 1,” the qeometry of that particle would 


correspond to about 5 weight percent aluminum. 


Now in reference to the heats generated by 


GO 
reacting nickel and aluminum, and specifically we can refer 
to for exanple exhibit IW or IU, I helieve -- well, it doesn' 


matter, let's look at IW. 


A Or IV. 


Q All right, we'll look at IV. Now, in the 
chart in the unper right hand corner of page 15, where they 
give the anount of calories per gram atom of nickel combining 
with aluminum, reference was made that this was done, and 
in the other exhibits, reference at room temperature. Would 
you explain to the Court what that means? 


A Woll., dt means that they either actually or in 
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2 | principle melt the individual constituents -- now, that means 
3 putting a certain amount of heat into a constituent aluminum 


and a certain amount of heat into a constituent nickel, and 


ft 


raising those two constituents up to some temperature above 


wn 


their melting points, and measuring the amount of heat that 


it took to just do that much. 


Let's say that took an amount of heat A and suppose 


that‘s some nwnaber. 


10 Then those two constituents are mixed together, and 

ii becaure of a reaction there will be much more heat generated, | 
12 which will correspond to something we can call Delta H. | 
13 Then that whole ting is cooled back down again by | 
14 taking heat out of it, back to room temperature. And that 

15 in practice the amount of heat you take back out of it will 

16 be approximately the same as the A. So that we have added a 
7 heat, we have obtained a Delta H heat on top of it, and then 
18 subtracted the A again. So the Delta H, which is the heat 

19 of the reaction that occurred up et the melting temperatures, 


is the -~ approximately the heat that would be plotted on 


20 
21 these kinds of graphs. 
22 Q So the actual heat that is indicated is heat 


23 at melting temperatures? 


24 A So that -- that could -- for -- there are small 


differences of the order of rercents or 10 percent, which are 
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much, much less than what we are talking about at -- occurrin 
at different temperatures. But the amount of heat shown, 
although it is referred to room temperature, that would also 
be the amount of heat one would expect when doing this up at 


the melting point. 


Q Now, Dr. Ingham, during your cross-examination 


you were asked a number of questions concerning photographs, 
microphotoegraphs, scanning electron, microscope photographs 
and electron ! »mbardment photograp) s of composite or clad 
powders such as the Exotec powder. You were queswioned why 
Metco aida not supply this type of r*otographs of the accused 


powder during trial. Would you explain that to tne Court? 
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A Well, apparently such questions were directed at 
whether we were trying to show that the accused powder -~ 
powders had some physical shape or something, and it was my 
understanding right up to the time of the trial that they 

were not denying that these were composite powders made in 
accordance with the patent, and so I saw no need to. It was 
only during the trial they somehow stopped calling these 
composite powders. It particularly came out during Dr. Grant!s 


testimony. 


* t* 


23 


24 


—— 


_—____________________ ne 


Q 


and 248 patents, what determines whether or not a particular 
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According to your understanding of the 515 


powder is a composite or clad powder as set forth in the 


patents? 


it? 


MR. CALIBAFDE: Doesn't the patent define 


The patent speaks for itself. 
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THE COURT: Well, how are you using 


those? 


MR. SPRUNG: The patent defines clad 


as being a form a composite. 


I am trying to determine whether one ~~ 


what one does, how he determines whether a 


powder is a composite or clad as set forth in 


the patent. 


MR. CALIMAFDE: The patent defines it. 


MR. SPRUNG: If he answers the question 


it may solve it. The patent refers to -~ 


THE COURT: I understand it distinguishes 
a composite from 4 mere mixture. We have been 
over that. 

MR. SPRUNG: How does one looking at this 
patent determine whether a powder is a clad or 
composite powder? 

THE COURr: I will permit the answer if 
you understand it. 

THE WITNESS: 1 would say if powder is 
made eecarding to the teaching of the patent then 
it is a clad or composite powder according *o that 

24 patent. 


BY MR. SPRUNG: 


Q Dr. Ingham, while you are at t’.7 chart, PX 88, 


would you explain to the Court your understanding as to what 


23» that graph shows in terms of the reactions which may have tak 
24 | place and the materials tested? 


25 A Well, the additional thing which this chart has provi“ 
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| over my original, which was Buhibit ML, ie that they have 
| the curves for 404, and I find these curves to be somsvhat 
| similar to what Dr. Grant showed in the sense thet the 404 
/ peaks are on the average about four times higher than the 450, 
|} and as I explained earlier, that would be expected with four 
times as much heat generated, because chere is four times as 
| much aléminum in the 404 than there is in the 450. 
Now, if that was a - if some of these curves were 
| oxidation reactions, then the curves for the 450 and the 
| Bmotec, particularly the 450 in air, that one in particular, 
since the oxida‘’ion reaction if it existed, would provide a 
lot more heat than the intermetallic reaction, = would expect 
the temperature rise from the 450 in air to be very much 
in fact, comparable to the height ef the 404 curves, because 
I would expect about four times as much heat generated, from 
the alwainum burning, if it wre burning. 
Now, I also consider that the steeper increase of the 
404 curves here as pert cf the sore violent reaction that 
with the higher amount of aluminum reacting with the nickel. 
nis@ alae Git of the carves, whether is\aie or not, 
generally are increasing at alzost the same period of time, 
within the accuracy of the test which corresponds to almost 


the melting point of the aluninun. 
-Now, if there wer. burning taking place with those 


real fine aluminum 1. -ticles, the burning would have tri. 


JA1017 
Ingham-redirect 2117 


2 
st a lower temperature, even lower than is plotted on this 
curve (indicating). 

Or if it hadn't trieqered hv the time it melted, then 
the burning reaction would then occur at a higher temperatuie 
So in neither case then has that occurred here, the reaction 
has occurred just at the melting point of the aluminum in eac 
case, whether in air or not. So I think that is indicative 
of it being the same tvpe of reaction. 


(Continued on next rsge.) 


K ¥e 
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Q During your cross examination you testified 


that the error as set forth in the publication, exhibit IV 


wasn't more than about 10 percent, but at that time you were 


8 not allewed to point out the publication in which this error 


9 | was reported, this detree of error, and would you do this 


19 | now for the record, and I refer to IW and Ix, which is IW at 


page 815 and Ix at page 51? 
12 A Yes. Exhibit IW, the Yubaschewski article in the 


Faraday Society paper in which he commente on the difference 


between his results being 10 percent or less than those of 


Olsen's method, and says that is just withis the claimed 
accuracy of Olsen's method, and exhibit IW -~ 
THR COURT: I think you just mentioned 
that IW. 


THE WITNESS: I am sorry. IX. 
-- are pages of the book by Kubaschewski 


20 A (Continuing) 

21 in which he uses not only his own data but collects others. 
2 And on page 51 at the top he says within an error of 
23 about 5 to 10 percent Olsen's results are generally reliable. 
2 So he tends to use the percentage error as & better 


way of stating it than certain fixed plus or minus so many 
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calories. 
re) r-. Incham, you were questioned ~ serning a 
so-called discredited phase diagram in exhibit IV. 

In your opirion does this phase diagram reflect 
any way on the work of the authors as reported in this 
exhibit? 

A I reviewed that. I believe that IV is the German 
article by Olsen. He has a phase diagram in that was men~ 
tioned during my cross-examination. That phase diagram 
isn't dated at all. We simply refers to borrowing that 
diagram from somebody else, and it happens to be an older 
diagram of Hansen's that he borrowed. 

So that there is no reflection on Olsen's work if that 
diagram was subsequently corrected. 


Q What did Olsen's work report? 


A Olsen's work was on the measurements of the heat, and 


he was not making the measurements of phase diagrams. 

Q Now, I wouid like you to refer to the 515 paten 
in column 3 running from lines 40 to 56 where reference is 
made to this 3,000 calories per gran atom. 

According to your understanding how is that 
referenced? 
A It is my understanding that the 3,900 calories be 


used as a guideline. 


eo ale de 
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THE COURT: As I say, I would sustain. the 
objection to the extent that the testimony is 
sought in some way to explain in a different 
way what is meant by the patent, whet the patent 
says. 

I will repeat that I will permit you to 
ack this witness, if he qualifies as one skilled 
in the art, to explain that he reading this patent 
would take it to be referenced, a8 you Say, to 
a room temperature standard. Is that correct? 

- MR. SPRUNG: ‘That is correct. I did not 
want to lead him. 
THE COURT: Well, look, I would say -~ 


Do you understand the question that the Court 
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2 posed? 

3 A Yes. I agree. 

4 Q Dr. Ingham, during your cross~examination you 


5 || were questioned about the phase diagram as shown in plaintiff’ 
6 || exhibit 66~-A. 
7 What is your understanding from this phase 
3 | diagram of the areas mar’ 4 alpha, alpha prime, beta and the 
9 | like? 
10 || A Those are simply different areas of different phases, 
aifferent crystal structures of the inter-metallic compounds 
12 | of nickel aluminide. 

Q Now, take specifically the portion marked alpha. 

Would you consider that or would you not con- 

gider that to be a phase of your nickel aluminide inter- 
16 || Metallic coupound? 
7 || A I would consider it to be such a phase. 

Q Now, during your cross-examination you were 
questioned as to the iliumination of the nickel phosphorous 
examples 5 and 11 from application 343705? 

21) A I don't have that serial number here. 
I assume you mean the one filed in 1964. 

MR. SPRUNG: Yes. 

He doesn't mean that. 


MR. CALIMAFDE: 


MR. SPRUNG: What is that? 
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MR. CALIMAFDE: He is asking -- he 
assumes you mean the one filed in 1964. 
SPRUNG: Yes that is the one I do 
were questioning why they were 
eliminated from that application. 
TEE COURT: Will somebody enlighten the 
Court as to what we are talking about. 
MR. SPRUNG: Well, your Honor, why the 
examples don't appear in application 343705. That 
was one filed in February, February 10th, 1964. 


Q Now, these examples left out of this application 


: 
a 


¢ 


because of the Gutzeit patent? 


No, they were -- 


x fe OF 
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3 
4 
5 
6 
7 
8 
9 
! 10 
1 < Do you have knowledge as to why the nickel 


phosphorous exasples, 5 an? ll, were not included in appli- 


13 | cations 343, 75? 


14 ress COUNT: ‘Iuat simply calls for a yes or 


no answer. Do you have rnowledge? 


15 

16 GHE WITNESS: Yes. 

7 THE CORT; You co have knowledge? All 
18 right. 

19 Q Would you explain to the Court why these 
20 examples were not included? 

2 mE CUUTT: Well, now, that isn't -- 

2 no, you asked him to sta’ what he claims to be 
23 his knowledge. 

24 MR. SPRUNG: Yes. 


Tir, COLRT: Let's explore thet. 
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Q All right, what do you claim -- What is the 


basis of your knowledge as to why these examples wore 


eliminated? 
A The basis of the knowledge is the subject matter that 


each of the chain of patents involved, the earlier filing 
patents were broad, covering a lot of material combinations, 
that ~- and included examples -~- nickel-clad diamonds for 
instance I think was in there -- a lot of combinations that 
were -- or had nothing to do with the application that was 
filed in 1964. And in the 1964 filing that patent was on the 
metal combinations which were -- would react exothermically, 
so at that time a large number of examples were eliminated 
which were not metals which react exothermically. And nickel 
phosphorous fell into that area. 

Also the patent was being narrowed down too and 
directed primarily for bonding, and nickel phouphorous does 
not help bonding. 

Q Were tha «ickel phospicrous examples included, 
or the nickel application to your knowledge included in any 
issue patent? : 

A I believe those examples 5 and 11 that we are talking 
about are in the patent which issued from a 1961 -- 

Q That's 3, 254, 970? ‘That I will tell you was 


the patont that issued on the second filed application, 
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134, 544 -- 
A Yes. 
Q ~- of August 16th? 
That would be the one. 
THE COURT: This is a patent not in- 
volved here -~- 


MR. SPRUNG: Yes. 


Q In your opinion, Pr. Ingham, is the coating 
produced by the Gutzeit patent, the nickel phosphorous 
coating, the end product, is that an inter-metallic compound? 
A ‘It is not formed of two metals, but -- 

Q That's not my question. . 

A ~- in the broad -- in the broad sense they use the wor 
inter-metallic occasionally on that. 


Q They being Gutzeit? 


Jk1026 
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Yes sir. 

Q You mentioned in connection with the phase 
diagram that the phase identified in the diagram as alpha -- 
Is that alpha nickel or is it alpha or nickel? 

You indicated that such region in your opinion, 
or such phase in your opinion can be considered as including 
nickel aluminide, is that correct? 

A Yes. 
Q Do you have any authority on which to base that 


opinion? 


of 
A The concept of the heated reaction, and my knowledge 


.of physics and chemistry. . 

Q Is there any written document, any treatise, 
any textbook, any authoritative work to support that opinion? 
A I‘think these things are called aluminide. 

Q Can you answer my question, sir? 

I refer to the Avco product, for example. 

Q Can you answer my question, sir? 

MR. SPRUNG: He referred to the Avco 
products. 

Q Is there any -- The Avco product identifies a 
certain product, certain powder as nickel aluminide? 

Yes. 


Q My question to you is whether any authoritative 
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work, treatise, textbook, publication refers to the phase 
diagram which is identified as alpha and characterises that 
region as including nickel aluminide? 

Mm. SPRUNG: I object. Obviously he 


hasn't done any research. Do you want him to 


look up and find, discovery? 


I mean does he know offhand, can he site 
offhand on the stand any such publication? Or 
does he know of any publication? 

THE COURT: Well, let me ask you this: 
Are we zeroing in specifically now as to whether 
he knows of any authority -- 

" MR. CALIMAPDE: Any authority. 

THE COURT: =~ where ~- 

MR. CALIMAFDE: To support his ophion. 

THE COURT: -- a phase diagram analysis 
has been made which reveals the presence of nickel 
asusisied in the sq-called alpha phase; is that 
the question? 

MR. CALIMAFDE: I went broader and asked 
whether apart from any examination or analysis, 
whether he knows of any authoritative work that 
refers to this area in the phase @iagram called 


‘alpha as including nickel aluminide, to support 
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your opinion? 

THE COURT: So it's really, I take it, 
not so much what authority but does he know of 
any authority? 

MR. CALIMAFDE: That's right. 

THE COURT: Is that it? 

Do you, doctor? 

THE WITNESS: I have recollections of 
seeing such referencing, but I can't recall, 
sitting here, nes 
Q All right. You referred to calculations in 


connection with determining the amount of oxygen that was 


| required in the atmosphere and in the component parts to 


| produce the exothers‘c reaction such as shown in exhibit 
| PxX-88. Did you make mathematical calculations? 
A 


Do you have them with you? 


May I see them? Thank you. 

I believe at the close of the last session, 
although I cannot find it in the transcript, a question was 
asked of the Court by you with regard to the nickel aluminide 
alloy bond layer between the coating and a substrate, and 


my recollection of the question was whether this is something 
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that is photographable, if you wish, and ~~ 

MR. SPRUNG: I don‘t recall anything on 
redirect concerning anything of an alloy bond -- 

MR. CALIMAFDE: ‘This was in connection 
with your redirect examination, where I -~ 
Q Well, let me ask the question: Is this bond, 

this alloy bond layer between the nickel aluminide and the 
substrate -- is that identifiable, photographable? 

MR. SPRUNG: Between what material and 
what material? 

MR. CALIMAFDE: I just said nickel aluminide 
and the substrate material. 

THE WITNESS: It -- it has been identities. 

MR. SPRUNG: I still object that this is 
beyond the scope of redirect. I don't recall 
asking any questions or having any questions on 
an alloy, and I believe this occurred during your 
cross-examination. 

THE COURT: Well, I remember some questions 
about, I suppose I could sny now, the structure, 
physical structure of the coating in relation to 
the substrate. 

MP. CALIMAFDE: Yes sir. 


THE COURT: As a matter of fact it seems to 
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me there was some photograph which I recall in 


xerox form that was referred to in that 
connection. 

MR. CALIMAPDE: That's what I was about 
to ask the witness, whether this photograph in 
PX-40 -- 

THE COURT: That's exactly what I -~- 

MR. SPRUNG: I still object. ‘This occurred 
during his cross-examination. It has nothing to 
do with redirect examination, and his recross 
has to be limited to my redirect. He can't go 
back to what he asked on cross. 

MR. CALIMAFDE: I believe this came up in 
redirect. 

MR. SPRUNG: It didn't. 

MR. CALIMAPDE: If I'm wrong then I'll 
withdraw the question, but I think it came up in 
redirect. ~ 

MR. SPRUNG: Well, *'m objecting now. I 
know what I asked him on -- 

THE COURT: Well, let me see. Well, I 
teke it from your redirect, Mr. Sprung, that you 
444 explore, if one can call it that -- the issue 


of the presence or non-presence of nickel aluminide? 
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MR. SPRUNG: Of nickel aluminide. But 
the alloy layer -- 

MR. CALIMAFDE: Nickel aluminide, yes. 

MR. SPRUNG: Nickel aluminide. But this 
alloy layer was gone into on cress-examination. 

THE COURT: Yes. 

MR. SPRUNG: And it was not gone into in 
redirect. 

THE COURT: But still there were some 
questions also with regard to sprayed -~ 

MR. SPRUNG: Only the coating itself, no- 
thing about the phase between the coating and the 
base -- 

THs COURT: Well -- 

MR. SPRUNG: -- which this is going into. 

THE COURT: But you did go into these 
matters on redirect with respect to those two 
exhibits, 66-A and 88. 

MR. SPRUNG: Yes. 

THE COURT: Is this directed to those 
exhibits? 


(Continued on next page.) 


PO 
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FL:iss , MR. CALIMAFDE: Only in an indirect way, 


3 sir. They are directed more specifically to 
the nickel aluminide -- the so-called bond alloy 
layer between the nickel aluminide and the sub- 


strate. 
MR. SPRUNG: And that was not gone into 
by me on -- | 


MR. CALIMAFDE: Well, then we have a 


disagreement as t= whether it Aid or it did not. 


If it did not then -- 


"HE COURT: Well, I'm going to permit Mr. 
Calimafde to pursue that with respect to this 
matter of nickel aluminide in the alloy bond layer. 

Mow getting back to the question which I 
thought initiated all this, whether it was a photo~ 
graphable presence or not, I don't know what the 
witness’ answer -- I don't think the witness has 
answered that question. 

MR. CALIMAFDE: I believe he said yes, it 
was an identifiable, photographable alloy bond 


layer. 
THE WITHESS: There has been such a thing 


identified. 
Q I show you Px-40, an article -- 
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THE COURT: Does that mean photograph- 
ically icentified, is that right? 

THE WITNESS: Yes. 

Q “I show you PX-40, an article by Dittrich, on 
which on page 493 in the lower right-hand corner there is a 
photograph identified -- 

THE COURT: What was the page of the 
exhibit again? 

MR. CALIMATDE: 493, sir. 

THE COURT: Page 493, all right. 

g -- which states that the narrow zone between th 
applied coating and the substrate is the alloy bond layer. 
Have you ever seen this photograph hefore? 

A Yes. 

Q Is the photogranh what it purports to be, a 
photograph of the alloy bond layer between the coating and 
the substrate? 

Tik COURT: I'm lost. I've got plaintiff's 

exhibit 43. 

‘mR. CALIMAFDE: 40. Oh, it's page 493, 

exhibit 40. 

Tur COURT: Exhibit 40, 493. I see, yes. 
TI! WITNESS: I'm not clear as to the 


question. You're asking me whether in my opinion 
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it is = aood piece of work and correct, OF in 


your -- It says what it says here. 


Q ave you ever seen this photograph previously? 


Q On your redirect there was some question with 
regard to plasma spray, bond strength and materials capable 
of being plasma sprayed. I show you plaintiff's exhibit 90 


marked for identification, entitled "The Metco Vlane Spraying 


Processes." At pave ~- 


MR. SPRUNG: I object. Again the only 


questions asked were whether in an exhibit brought 
out on cross-examination -- what were the bond 
strengths referred to, and now we are going into 
a new exhibit on something else. 

MR. CALIMAFDE: I beg your pardon, you 
elicited testimony to the effect that the bond 
coating produced by plasma sprays was not necessarily 
a metallurgical bond, and now I am offering his 
own bulletin, a Metco bulletin, which at page 12 -- 

MR. SPRUNG: I would like to see where in 
the redirect examination these questions that 
provide a basis for recross are coming up. 

MR. CALINAFDE: I don't think there will be 


any ques‘:ion about this aspect of it, because 
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there was substantial time spent by you in your 
redirect on the bond strength prouuced by plasma 
spray, and the testimony that was offered was 
that the bond strength was not necessarily due 
to the metallurgical bondhg layer. 

MR. SPRUNG: I have no recollection of 
such testimony. I recall that you asked him on 
crogs wasn't that so, and he saii no, but it 
was not brought out on redirect or gone into on 
redirect. 

Q Let me ask this -- 

MR. SPRUNG: Well, I object to the 
question aa being beyond the scope. We have to 
have some end to these things. 

MR. CALIMAFDE: I agree with you. 

Q Let me find out tirst whether this is a bullet 
which you identified -- 

MR. SPRUNG: I don't want you to find out 
first. I have an objection. 

MR. CALIMAFDE: Let me ask a question 
regarding the bulletin. 

Q Is that bulletin offered by Metco -~- 


MR. SPRUNG: I object tothe bullet) be- 


cause it has notting to do with the redirect 


a 
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examination. 
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MR. KRAMER: Yes, Exhibit DX. 

DO, which was not objected to, is a 
series of carés kevt at Eutectic by Mr. Broderick, 
indicating various powders, when they came into 
Eutectic, and s»ecifically various Metco powders. 
Evhibit DR tends to confirm the lists DQ in that 
the date of the purchase requisition for Metco 
14-E, 11/27/67, corresvonding to the date very 
closely, and the Broderick sotes, Exhibit DQ of 
11/28/67. 

MR. CALIMAFDE: I to not understand if 
there is any disnute as to the dates appearing 


on DQ. 
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BY MR. CALIMAFDE: 


Q Dr. Grant, in your opinion, is there -- is ther 
any difference between a chemical bond or a metallurgical bon 
in the context of flame-spray coating materials? 


A No. 

For a chemical bond to take place, you have to have a 
transfer of electrons. You have to have an inter-reaction 
between the two for alloying. You have to have a transfer of 
electrons -- an inter-reaction between the two. 


In fine-grain semantics, you can Gescribe it any way y 


want. They essentially mean the sane. 


* wey 
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Qo This is the pattern, Defendant's Exhibit LG, 
made by Dr. Post. 

Can you interpret it? 
A Yes, sir. 

Q If a nickel-aluminide existed in a material, 
would a pattern reveal its existence? 
A It should, if it's there in enough quantity -- it 
should, yes. 

Q Where in the pattern would it appear? 

Are there specific signposts or landmarks where one 
would look for it? 
A Yes, the NiAl, phase has been indexed so the intensi- 
ties of lines and positions of lines in an X-ray diffraction 
pattern will appear at specific points in this diffraction 
pattern. 


‘These positions at particular angles and intensities, 
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| should match up with an indexed pattern for that particular 


| phase if it is there in sufficient quantity. 
Q Let me be sure if I understand your testimony. 


ghe X-ray diffraction pattern has lines -- wiggles that 
| go from one extent to the other. : 
Is it your testimony that at certain angles you can 

| look for this nickel-aluminide, if it exists: 
| A Yes, sir. 

| Q These are identifiable and known angles where 

| one would look? 

| A Yes, sir. 

Q Now, if it does exist at these signposts, will 
it also exist at the same intensity, or @oes it vary in inten 
ity at these signposts? | 
A Each different plane reflects a different intensity if 
there is no preferred orientation, or if there is -- or prope 
ly if it's a finely crystalline material, it will show the 
relative patterns that are repeoducible. 

Q From Dr. Post's pattern, can you tell from what 
range he explored or observed? 

A Yes. 

He specifically covers the range from about 18 degrees 
to about 99 degrees, which is documented on Exhibit LG. 

If the nickel-aluminide exists, at what angles 
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would it appear most strongly? 

A Well, there should be -- the strongest one, which is 
relatively 100 percent in intensity at the reference point. 
should be occurring on this pattern at about 43.6 degrees to 
Theta. That unfortunately happens to be covered by a nickel- 


refraction, so it's not visible in the pattern. 


(continued on next page.) 
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Q What would be the next most intense location? 
A Well, there are 1, 2, 3 patterns which have relative 
intensities of 79 percent which are limited as medium strong 
| lines. ‘These should occur at 51.1 degrees and that again is 
| interfered by a nickel reflection, but there should be two 
| strong lines at 79 percent intensity at 142 degrees and at 
| 147 degrees which is not on Dr. Post's pattern. 
| Q Now, at the lower degrees which do appear on 
i pr. Post’- vattern, you indicate that the existence -~ or if 
| nickel aluminide does exist, it's obscured by something else 
= by what? 
| A By any solid solution which has the same pattern. It 
| is a phase centered cubic pattern which is shown in that 
| phase pattern. The NiAl3 phase is an ordered phase centered 


| cubic structure. Therefore, the reflection for both phase 


| centwed cubic patterns will tend to appear in similar phases, 


| except for the difference due to the order. 
Q Is it your testimony that at those two parti 
| locations, you cannot tell whether the nickel aluminide 
exists? 
A Which two? 
Q fhe lower angles, 43.6 and 51.17 
A That's right. ‘They are interfered with by the nickel 


pattern. 
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Q Looking at those angles, they tell us nothing 
, with regards to the existence of nickel aluninide? 


) A You can't pick them out. 
Q The next strongest would be 142 and 147 degrees 


A Yes. 
Q Those angles do not appear on Dr. Post's pattera? ’. 


A No, sir. 
pr. Post testified that had he had time he .ould have 


chosen to go to those higher angles, because they do offer a 
better opportunity for picking out the Ni3Al lines, but, these 
are not in his pattern so there is no way to see that they 


were there. 


Q From your experience, how much more time would 
it have taken him to go out to those angles? 


A Not very much. 


His angular spread, I believe, is listed as 1 degree 
per minute, so that would have meant perhaps 50 degrees ~~ 


80 minutes at that rate. 
Q Dr. Post testified that his x-ray diffraction 


| patterns indicates at points 1 and 2 -- you see the circled 


numerals 1 and 2? 


| A Yes. 


Q -- indicates the existence of nickel aluminide 


| at those points? 
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What is your opinion, sic? 
A Well, these are supposedly 40 percent intensity peaks, 
both at the 24.75 to theta position which is nusber 1 and 

also at 35.2 to theta, which is also 40 percent intensity 

Line and as far as I am concerned thists within the intensity 


of the background peak and not a differential, nor capable of 
being used strictly as those two peaks. There are il 

| saentified patterns -- 11 reflections which can be looked at. 
| many of them strongex reflections than these and if the 70 

| don't show up, then it is very very difficult to suspect that 


| cheese would indicate the presence of Ni3Al. It would be pure 
| guesswork. 
| Q What in your opinion would be the minimum of 
| points for identifying eny nickel aluninide if it exists? 
| a I Gon't think it would be answerable that way. it 
| would be answered in terns of intensity of the peaks. One 
| would certainly expect that one would look for the higher 
| intensity peaks -- the 70 percent intensity, if one wants 
| positive identification of those. : 
| In the absence of 70 intensity, if one uses 40 
| then of course this makes it very very difficult to be able 
to identify these in a positive manner. 

Q Is it your opinion that one cannot identify 
| poritively the existence of nickel aluminide in Dr. Post's 
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diffraction pattern -~- 
MR. SPRUNG: Objection, as leading. 
THE COURT: Well, I will sustain it as 
to form. 
Q Does the diffraction pattern produced by Dr. 
Post contain a sufficient number of points where the nickel 
aluminide would exist for you to give an opinion as to whether 
| or not it does exist on the sample which underwent analysis? ‘ 
| a My judgment is it is not there in sufficient quantity 


to be identified by those lines. 


~— 
te tea mR ee 


Q Had you conducted an x-ray #iffraction of the 

game sample that Dr. Post has analyzed? 
A Yes, sir. 
MR. CALIMAFDE: Let me put the number 92 

on this. 

Q I show you a diffraction pattern marked as i 
plaintiff's exhibit number 92 and I ask you if you can 
identify it? 

Yes, this was a pattern which was run at MIT on the 
same sample as Dr. Post -- which Dr. Post used, which was done 


on a Norelco diffractometer and was run from about 18 degrees 


| out to about 150 degrees to theta position. It does include 


| the higher angle portions beyond 98, 99, 100. 


MR. SPRUNG: I object to his testifying 
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to the exhibit until it is established that 
this witness had run those, so he can be 
properly cross-examined on them. He said it 
was run at MIT. 

THE WITNESS: Yes, I was present. 

MR. SPRUNG: Did you run -- I would like 
to conduct a voir dire, if I may? 

MR. CALIMAPDE: Let me -~- 

THE COURT: Mr. Sprung, I really do be- 
lieve in this case that at this juncture the 
interests of the Court would better be served 
if you would reserve any voir dire for cross- 
examination. On the basis of Dr. Grant's 
testimony and on my general perception of what 


this case is all about, I have to say that I 


eannot see any basis for any real strenucus 


objection to this testimony. 

MR. SPRUNG: Your Honor, I have been 
told by my own crystallographer that it is 
very very critical in running these scans as 
to the alignment, picking filters and doing all 


sorts of operations. 


wy 
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BY MR. CALIMAFDE: 
Q Did your examination include those angles where 


the nickel aluminide lines would appear most prominently, if 


the nickel aluminide existed? 
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By going beyond about 100 degrees to theta, we covered 


| three additional NiA13 possible reflections. 

| One of these is a very low intensity peak at only 20 
| percent and is therefore insignificant and the other two then 
| are 70 percent intensity peaks, which according to the charts 
| should appear at 142 degrees to theta and 147 degrees to 

| theta and both are listed as medium strong lines, whereas the 
| 40 Gegrees are listed as weak lines. 

So that we all understand what that means, Dr. 


Q 


| Grants 
When you say that there appears a medium strong 


| line, that would be a line that should appear medium strong 


| ae the material exists? 
| In other words, the confusion in my mind when 

| you refer to a line as being medium strong is that. you have 

| aetected the nickel aluminide and it appears medium strong or 
| does your testimony mean that if it exists it should appear 

| with medium strong strength at that angle? 

| a The way you establish this is by taking pure NiA13 in 

| powder fora. ‘This is subjected to the sane kind of diff 

| study and from this one establiches a pattern specifically for 
| chat inter-metallic phase independent of anything else. On 
the besis of this, if your sample preparation is correct so 
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| you do not have preferred orientation crystalline, then you 


| will get a distribution of lines as you see in these patterns 


| for that particular material. 
(Continued on next page.) 
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A (Continuing) One then assumes that that same random 
distribution of the NiAl; phase, if it exists, would have 
those same relative intensities on this pattern when it is 
superimposed against many other things that are there, such 
as nickel solid solution, such as nickel oxide, such as 
aluminum oxide, such as the Spinnell Ni0Al3, each of them 
has its own patent and for each of them it has been worked 
out their own unique patent. The relative intensity and 
position of the line worked out. When I say “Medium strong” 
I am saying “Medium strong” relative to the strongest line, 


which is one of those obscured. 


Kx * 
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Q Based on your analysis, what did you find at 
those lines which are the high intensity lines? 
A The me at 142 degrees was again covered by a nickel 
reflection which happens to be the broadly distorted 
reflection and therefore incapable of being differentiated | | 
and the one that should exist at 147 degrees is not 
identifiable as Wi3Al reflection. 


Q When you say it is not identifiable, what do 
you mean? 
ih I do not see anything resembling a 70 percent intensi 


peak for this particular pattern, if it is matched up with 
the other. 
Q Based on your analysis, in your opinion is 


there any nickel aluminide present in the sample? 


A No, sir. 

Q Did your analysis detect aluminum oxide, Al203? 
A Yes, sir. 

Q Now, if the aluminum oxide and the nickel 


aluminide both coexisted in this sample, which would appear 
more prominently in the analysis? 

A That would depend on the quantity and the relative 
density of the two materials. The Ni3Al is wore dense, it 


would take more aluminum oxide to be discernible by this kind 
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ofdigfraction technique iz ths NLIAL. 
Q Did yous ~salyeis detect aluminum oxide? 


A There appeaxs to be the pressnce of aluminum oxide. 
5 Q Could you draw any conclusion from the fect tha 
you could detect aluminum oxide, but not nickel suena 
A Which means in that case the nickel alusinide would 
have to be there in significantly smaller quantities. 
Q Now, Dr. Post stated in his testimony that 
nickel aluminide in solution -- I beg your pardon -- nickel 

and aluminum in solution and nickel alum. ide were all about 

| 


the same. 
Do you have an opinion as to the similarities 


Aifferances between nickel alwainide and nickel and 


a.wainva in solution? 


solution is reeiily identifiable as a nickel alusinum © 114 \ 
solution and the Ni3Al1 is readily identifiable as an inter= | 
metallic Wi3Al. ‘The NIAl is a separate phase and is als | a 
identifiable and chey are distinctly different and identifiabie 
as distinstly di!ferent phases. 

Q Ara “< ‘qware of any authoritative work, 
Dre Grant, which suggest that there is any nickel aluminide 


6 A If 20 stated, I never heard a move gross error, beca 
the phass diagram ¢latly says that the nickel aluwimun solid \ 
in the phase identified as the Alpha phase in the nickele 
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aluminum phase diagram? 
A No, sir. 


°Q In your opinion -- 


That is strictly the nickel-aluminum solid solution. 
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Q Doctor, is the phase diagram, Exhibit 66A -~ 


may the phase diagram be used in the interpretation of, for 


example, X-Ray analysis with regard to the flame spraying of 


metals? 


A It's the primary source for all reference material. 


Q Ie it a valid reference source with regard to 


analyzing the composition in a flame sprayed coating? 


A Yes. 


Q If a powder contains 95 percent nickel and 


5 percent aluminum, can you tell from this phase diagram what 


is -- what the nature of the coating would be? 


the coating 


A If the particles are 95 percent nickel, and 5 percent 


aluminum when it comes down to room termperature it will be 


95/5 material and the important difference will be that 


probably the grain size of the material will be larger -~ 


Q If the 95/~ \ article had the aluminum on the . 


outside and was subjected to a flame sprayed environment 


as the flame spray on fine aluminum particles -- would the 


rapidly cooled perticle appear? 
A Would stili have to appear ‘ome 
Is that opinion confirmed by your X-ray diffrac - 


aiffraction analysis? 


Q 
and Dr. Post’s 


A Yes. 
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Q Have you used argon gas in your teaching and 
consulting work? 


A Extensively. 


Q ' poes it contain oxygen as an impurity? 


Have ju used hydrogen gas? 


Does that contain a content of oxygen as an 


(continued on next page) 
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Q You were present during the teatimony regarding 


the heating of the agglomerated powders identified in Exhibit 
Px 88, for example the 450 in argon, the 404 in argon, and 
so forth? Were you not, sir? 
A Yes, sir. 

Q You were present? Now, is there a technical 
or scientific explanation for what appears to be a similar 
rise from PX $8 of the 404 in argon and the 404 in air, but 
that the temperature of the 404 in air being lower than the 
404 in argon, which presumably has less oxygen in it -~- in 
other words, you'd expect the temperature of the powder in 
air to be higher -- 


Yes. 


A 


Q (Continuing) -- than yc. would for the same 


powder heated in an argon atmosphere? 
Is there a technical or scientific explanation why the 
404 i. cn is a higher temperature than the 404 in air? 
A Yes. There -- first of all, these are -- 
MR.SPRUNG: It hasn't been established that 
there is a higher temperature. 
MR. CALIMAFDE: Temperature differencc. 
A temperature difference. 
MR. SPRUNG: That was -- That there is a ten- 


perature difference? It was miscalculated. 
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MR. CALIMAPDE: No, here is the 404 in air, 


which is there. 

MK. SPRUNG: Wo, it wes miscalculated. The 
two of ther are about the same. You miscalculated 
it, that’s all. 

MR. CALIMAFDE: ho, these diagrams have 
404 in air at this point and 404 in argon, taking 
Ingham's calculations, at this point (indicating). 
So you have these two, with argon being at the 
higher peak. 

MR. SPRUNG: Look, that's jv~* a miscalcu- 
lation. Dr. Ingham testified that the curves were 
plotted wrong. 

MR. CALIMAPDE: I'm taking his revision. 

MR. SPRUNG: All right, his revision shows 
that the air in argon is about the same. 

MR. CALIMAFDE: wo, his revision shows 
that the peak temperature in argon is at this point. 
Here is 404 in air. Well, and yor \ take any 
other. If there is a question about that, take 
450 in argon -- 

MR. SPRUNG: No, we are talking about -- 
let's get this straight -- 


MR. CALIMAPDE: 404. 
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404 in argon is the black, and 


MR. SPRUNG: 


here is 404 in air. So the two are the same. 


MR. CALIMAFDE: No, they are not the same. 


The argon is higher. 
MR. SPRUNG: Where, from what to what? 


CALIMAFDE: From here to here (indicat- 


MR. 


MR. SPRUNG: 0O.K., a fraction of a degree. 


All right. You weren't talking about that, you 
were talking about the lower curve. 

MR. CALIMAFPDE: I was, you are quite right, 
and I'm still not certain about accepting what 
you're saying that this curve is 404 in argon. 

MR. SPRUNG: Well, let's establish -~ 

MR. CALIMAFDE: ‘That will be significant, 


because we are either saying -~- If you are correct, 


one is higher -- 
MR. SPRUNG: They are about the same, within 


a measurable limit. 


Q All right, can you explain why they are the same 


for the conditions where one is heated in air and the other 
in axryon? 


A May I say first that I plotted these curves, I plotted - 


them for Mr. Ingham‘'s data. The best data that were availabl 
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the curves, were not supplied to us. As a result I had to 
try to calculate these myself, and I did the best job that I 
could. 

Now, at this stage of the game, not having re-examined 
the data, I don't know that his new peak is justifiably 
correct either. 

Q Well, assuming it is. 

A Assuming that it is, I still feel that there is an 
explanation not only between argon and air but also hydrogen, 
which also happens to be higher than the other two, and the 
answer is that these are commercial powders, they are not at 
all reproducible in fine terminology. When packed into a 
crucible for reaction tley are not uniformly repacked. 

Secondly, the air, insofar as I know from the test data 
provided by Dr. Ingham, is for a stagnant air atmosphera. It's 
for an argon and hydrogen atmosphere in motion, which means 
that the penetration of the argon and hydrogen into the powd 
mass is capable of being that much greater. 

So if you take into account adsorbed gases in the syst 
which were not removed, if you take into account the impuri- 


ties in the argon and in the hydrogen, and if you take into 


account the presence of nickel oxide in these materials, then 


it is very easy to get these large variations, which are not 


reproducible or predictable in terms of that kind of exper tal 
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Dr. Ingham testified that seven percent of oxy g 
was required to burn aluminum. What is your opinion in reg 


to the minimum amount of oxygen needed to burn aluminum? 


A It doesn't take any more oxygen to burn aluminum -- 


Rather, sorry, it takes only as much aluminum as there is 
oxygen present for burning. Once burned, the bigger concern 
is really with the amount of heat which is generated, rather 
than with the amount of oxygen which is necessary to burn 
five percent of aluminun. 

And I have made a calculation which indicates -- and I 
ean reproduce this on the board if so desired -- which shows 
that the presence of about 3.5 percent oxygen, which ia the 
amount of oxygen in the nickel powler mass ~~ that that will 
take .3 percent of aluminum, that will burn .3 percent of 
aluminum. 

The net result of this is that it will produce .7 
percent of aluminum oxide. 

If one then calculates the amount of heat which this 
burning reaction, the heat of oxidation which will occur, 
to burn .7 percent, to form 7 percent aluminum oxide, it will 
produce 120 degrees Centigrade increase in temperature, which 
is of the order of magnitude found in these curves. 


t can reproduce that data on the curves -- on the wall, 
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2] if you wish, on the board. 


4 Q You made those calculations, and you are ~~ 


4 A Yes, sir. 


24 Q Now, you mentioned the oxygen in the powder. 
is there also an oxygen content or a wa 


25 From your experience 
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vapor content in the furnace? 


A There is always an adsorbed layer of gas on every mater 


ial, of both oxygen and water vapor. 
Q Now, from your experience, Doctor, can you state 


whether those potential sources of oxygen are sufficient to 


produce the amount of exothermic heat which appears in the 


charts PX 88 and DXML? 
A Yes. And I have the calculations to show it. 


Q Now, Dr. Ingham also testified that the reaction 


of the powders as indicated in his Exhibit ML -~ that’s the 


shaded area of the exhibit -- if that were exothermic oxidatign 


he said the temperature rise would be significantly greater. 


Do you have an opinion on that? 
A Well, it would be if you burned five percent of alumini 


to aluminum oxide. But it takes a very small amount of 


aluminum to be burnt to aluminum oxide to give you this kind 


of temperature increase. 


Q Now, I previously referred to the 404 in air as 


compared to the 404 in argon. I could have mentioned the 


6°4 in hydrogen, which is significantly higher. 


But let me ask you: The 450, the 450 in argon as 


compared to the 450 in air, the 450 in argon is shown in red, 


and where is the 450 in air -- Yes, there is the 450 in air, 


which is the solid block. Can you see it from where you are, 
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Dr. Grant? 
A Yes. 

Q and the 450 in argon is red. Can you explain wh 
the temperature differences between the 450, for example, in 
argon and air, and the 404 in argon antair, why these sub- 
stantial differences exist in terms of temperature differenceq? 
A You mean in earch lot or -=- 

Q Yes, the 450 as compared to the 404. 

A The -- the 459 alloy, of course, since it does not form 
the inter-metallic phase, will generate its heat from the 
heat of formatioy * the oxide. And there is more than enoug 
oxygen present ir -he system to allow for the emali burniag 
necessary even in these atmospheres to gain this kind of a 
temperature increase. 

On top of that, if you compare that then to the 404-ty 
material, then the 404 material has in addition the exother~ 


mic heat of reaction of the formation of the inter-metallic 


compound, which will ada heat to the heat of oxidation that 


occurs thereto. 

Because the variations in each of the lots then depends 
on the experimental techniques and on the variations in 
powders from lot to lot, the packing and the general run of 
the experiment. This is not unusual. 


Q In terms of the significant heat which is important, 
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the peak of the temperature rise or the difference in the 


temperature rise in the area of the curve? 

A Well, if you are going to compare the total heat output 
then it is not just the temperature peak, it has to be the 
area under the curve -- this is a time -- temperature times 
time proposition -- in order to get the total heat content. 

Q And from your tests would you compare the area 
under the curve in the 404 as compared to the area under the 
curve in the 450? 
A In terms of the atom percent -- that is the 80/20 and 
the 95/5 -- if they are compared on an atomic basis, which is 
the way materials react -- they react on the basis of the 
number of atoms -- then in the 60/20 composition, which is 
35 atom percent, and in the 95/5, which is 10 atom percent, 
the difference in aluminum content between the 80/20 and 
the 95/5 is 3-1/2 to one, whereas I measured the areas of the 
curves in the 450 and the 404, and that difference is less 
than two to one. 

So that if in fact one were going to base this strictly 
on aluminum content, then the heat content generated by the 
404 should have been at least twice as much as it is. In 
other words, the area under that curve should have been twice 


as large. 
It isn't, which similarly says that the heat which is 
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being generated by the 450 material is larger in proportion 

to the amount of aluminum it contains by far, by the factor 

of two to one, compared to the amount of heat which is 

generated by the 80/20 404. ' 
Again, it's almost four times as much aluminum in the 

404 than the 450, but it generates only slightly more than 


twice as much heat. 


(Continued on next page.) 
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Q Are these curves significant from the viewpoint 

of telling us anything in regard to the exothermic reaction? 
First in regard to the nature of the exothermic 
reaction, as to whether it's inter-metallic or oxidation? 
A No, it would be very difficult to tell from those 
curves. 
Q Are they significant from the viewpoint of 


velling as heat is being generated by one powder compared to 


the other, in terms of 450 versus 4C4? 


sir. 
These curves -- and that’s what you just ex- 
plained -- are in terms of areas to peak? 
A Right. 

Q What is the significance of the peak, or the 
aifferences in peaks, for these various curves? 
A The peak temperatures? 

Q The peak temperatures, yes? 
A Only in the sense of telling you how -- how rapidly 
perhaps the cenccinn went once they started in -- in building 
up to a temperature maximum. 

Q Now, in this curve Px-88, in the 404 power 
there appears to be a dip below the base line. Is there a 
significance in that dip? 
It -- it indicates that there was a delay 


A Yes, sir. 
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of up to almost two minutes before the 404 powder began to 
react. 

Now if, if instead of looking at this chart, if one 
looks at the numerical charts and the curves that “ie pro- 
vided by Dr. Ingham, then there it's very clear that those 
reactions are delayed and take place at a later time. In 
other words, they don't initiate nearly as quickly as the 
450 type does. 

Q is it -- 


A And the delay is at two minutes, and the reaction 


starts at a higher temperature. That's very clear in the 


charts. 

Q The strip charts? 

Yes sir. 

Q What is the significance of that, doctor? 
A Which suggest that the nature of the reaction is 
different from the 404 than it is for the 450. 

Q Now, Dr. Ingham superimposed your exhibits 
64 and 65. I don't have it before me, but se testified that - 
the rates of heating were the same for PX-64, which is the 
95/S powder, and Px-65, which is the 80/20 powder. These 
are the two tests, calorimetric tests, that you had conducted 
at MIT? 


A ‘Yes sir. 


yaio6s 71%° 
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Q All right, can you tell the rates of heating 
from the tests you conducted, -~ 


Well, I =e 
Q -- PX~-64 and 657 


; A 


A -- in direct testimony I kept saying over and over 
again that you cannot get a rate reaction by plotting 
degrees Centigrade against degrees, and that you would have 
to get actual times in order to be able to establish rates; 


d not in fact tell you what the rates of heating 


that these di 


were. 
Q Did you conduct tests which showed the rates 


of heating? 


A Yes sir, as a result of that discussion I aid -- then 


aid time these by superimposing a time scale on the curves. 
MR. CALIMAPDE: Would you mark these, 
Px-93, a curve for the 80/20 powder. 
THE CLERK: So marked plaintiff's exhibit 
93 for identification. 
MR. CALIMAFDE: And 94, which is. for the 
Eutectic 95/5. 
THE COURT: What's 93 again? 
MR. CALIMAPDE: 93 is the 80/20, sir. 


THE COURT: 80/20? 
MR. CALIMAFPDE: And 94 is the accused 95/5 
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powder. 
THE CLERK: So marked plaintiff's exhibit 


94 for identification. 


Q Let me show you these two curves and ask 


whether you can identify them? 

A Yes sir, these were the same types of calorimetric 
tests that were in exhibits 63-64, 64-65, whichever it is. 
only in this particular case we ran material, and omet rae 
exactly the same curves duplicated -- that is the shapes, 
the fingerprints of the curves are as they were before, 20 
these do in fact turn out to be a conveaten of the shapes 
of the curves we indicated, only now what we did was to 
superimpose a time scale -- and that's marked on the curves - 
for the time from the bottom of the curves, where it is 
molten, to the top of the curve, and that difference, based 
on this scale, shows that the 95/5, the 95/5 heats at a rate 
of .6 degrees per secondduring that interval of time, and 

the 80/20 heats at .4 degrees per second. 

In other words, the 95/5 is heating at a rate 50 per- 
cent higher than is the 80/20, which confirms our statement 
originally that these were two different classes of reactions. 

MR. CALIMAPDE: ‘Thank you. 
will you mark this photograph as plain- 


e42#'s 63-D. 
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THE COURT: May I see them? 


THE WITNESS: The patterns are the same 


as before on all the different lots. 


THE CLERK: Photos marked plaintiff's 


63-D for identification. 
Photo marked plaintiff's exhibit 95 for 


identification. 


MR. CALIMAFDE: 63-D is in the book of 


exhibits, your Honor. 


Q Let me show these to you and ask whether you 


can identify 63-D? 
A Yee sir, these were -- these are scanning electron- 
| microscope views of individual 95/5-type particles which had 


been heated, as had been the calorimetric tests, in a 
stagnant air atmosphere to a temperature just below the 


melting point of the aluminum. 
And what we see here is the evidence that the carbon- 


ized -- that is that's the binder which is originally present 


there, leaving a fine structure where aluminum particles had 


been held in place. The aluminum particles have all fallen 


» leaving large bare areas of nickel surface which are 
clearly d4iscernible on -~ on the particles. 
MR. CALIMAFDE: I think maybe I ought 


to show this to the Court, since this is a more 
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readable photograph than what's in your book, 
your Honor. 

THE WITNESS: This is a -- a single powder 
particle, which is originally the nickel nucleus, 
with aluminum held in the binder. Now having been 
heated not to the point where the aluminum melts 
but only to the point where it's just approaching 
melting, the aluminum was in these areas which 
are now simply holes. 


- fhe aluminum has simply fallen out of 


position, leaving large areas here which are com- 


pletely bare of anything, a binder or of aluminum, 
which is characteristic of the non-uniform layer- 
ing of the -- of the coating and the aluminum. 

And so we see that none of the aluminum 
has been held in position by the binder. In other 
words, the -- the aluminum as it heats, being a 
much higher conductor than the binder face, gets 
hot and immediately burns its way cut of the 
binder. 

So it tends to separate at a time when there 
is still a little bit of the binder still left on 
the nickel, now in a carbonized state. 


Q Was the temperature higher, the temperature at 
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which the binder melts highe> cnan 200 aegrees or 300 


degrees C? 
| A Yes sir, higher than that. Higher than the tempera- 
ture at which the binder begins to evaporate and tc melt. 
Q And these little pockets indicate what? 
| A These are the pockets where aluminun had been held 
in position by the binder. 
Q And now would you explain what exhibit 95 is? 
A Exhibit 95 is also a scanning electron microscope view 
at 200 magnifications. This is the same wafer which has been 
quoted by Metco, and which is exhibit number -~ 
MR. CALIMAFDE: What is that exhibit? 
That's that sample of that -~- 
THE WITNESS: The little brown sample. 
MR. KRAMER: LF. 
Q LF. That's the s<sple -- 
A which is the sample on which Dr. Post then ran his 
aiffraction pattern. It’s the same sample I ran my adiffracti 
pattern on. 
fhis is the electron scanning microscope view of that 
coating, and what is very evident here, now this has gone 
through the flame gun and has been impinged as a coating on 
the substrate -- and if you will look, it's very, very clear 
that the great majority of the nickel particles have not 


2195 
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melted. In fact you can see the corrugated type of surface 
that is characteristic of that nickel. It has simply not 
melted. They are simply held in place by small amounts ef a 
FrAASe 
liquid face, which you see the smooth area is the molten face, 
and these particles are discretely nickel, which is unreacted 
with aluminum. The aluminum particles have all disappeared. 
Q Can you tell the nature -- 
THE COURT: What would be the nature of 
this material? 
THE WINESS: That is an oxide, and we did 
not identify it as an oxide, but the fluorescence 
that that gives in the x-ray beam dees not permit 
it -- it to be seen in the same way that the 
metallic structure is; being a non-conductor, it 
is an oxide, and we did not trouble to identify 
it because that would be a very difficult and very 
long process. 
THE COURT: Now, this was an adhering coat 
-- right? 
THE WITNESS: Yes sir. This is an adhering 
coating. This is -- Is the sample here? 
THE COURT: Yes, it would be good. 
THE WITNESS: But the reactions are far, 


far different because of the extreme speed with. 
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which this happens. 
Q Here is the sample? 


That is -~ that is considered to be an adherent coating 


which we believe it is. 


THE COURT: And this was the 95/5 Exotec 


applied with the Rototec? 


THE WITNESS: Yes sir. 
THE COURT: And -- 
THE WITNESS: Looking directly at this 


surface, this is representative of -- of the 


coating. 
THE COURT: And you say ~~ and this is not, 


by way of disputing you -~ that what is shown 


here in the darker areas ~~ 


THE WITNESS: These are discrete nickel -- 


THE COURT: Discrete particles? 


-- particles which have not 


THE WITNESS: 


been melted. 


That the nickel did not melt 


THE COURT: 


in this part? 


THE WITNESS: No sir, a great majority of 
the nickel did not reach its melting temperature. 
The further identification of this, of 


course, is the fact that these have the size that 
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they should be; they are approximately 60 or 70 
microns at this magnification. 

THE COURT: But there is no question, 
however, that they are being held firmly to the 
substrate? 

THE WITNESS: Yes sir, there is miele” 
particles melting there. 

THE COURT: Yes, of both nickel and 
aluminum? 

THE WITNESS: Nickel and aluminum, yes sir. 
Yes sir. In solid solution. Which is what all of 
the x-rays show. 

THE COURT: But now although these more 


visible ones have not melted, indicating that they 


didn't reach a molten stage =~ 


THE WITNESS: That's right. 

THE COURT: -- there is somewhere below 
those -- and perhaps in this area ~~ I don't know 
whether you can say that that is below this -- 

THE WITNESS: No, that is -- that is on 
the surface. 

THE COURT: So as a matter of fact it is 
even conceivable that such a layer spreads over 


the entire surface? 


THE 


layer -- 
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WITNESS: One would presume that this 


. THE C 


THE 
one sprays 
THE 
is what? 
TLE 
conductor, 
THE 


THE 


WITNESS: -- is self-progressive, since 
to thicken the coating. Yes sir. 


COURT: Yes, but your view is that this 


WITNESS: It is a non -- it is a non- 
and therefore an oxide. 
COURT: An oxide? 


WITNESS: Yes. 


(Continued on next page.) 


YA107@ 2199 


REbuttal-Direct-Grant 
THE COURT: And you're saying that this 
is what is in effect the most intimate relationship 
betwoen the coating and the substrate? 
THE WITWESS: Yes, sir. In other words, 
our X-xsy diffraction pattezn here says thet 
we see nickel and nickel solid solution, that 
we see aluminum oxide and. that we do not see 
Ni,Al. And that is -- in other words, this 
is a diffraction pattern which is something that 
terpable in terms of other patterns. This is 
an actual view of that. 
THE COURT: Well, let's see, was this 
one marked? 
MR. CALIMAFDE: Yes, sir. 
THE COURT: Let me just make a note of 
these things so I will refresh my recollection. 
MR. CALIMAFDE: Por the record, the witness 


has..identified something on the photo of exhibit 


95 as aluminum oxide, and that's the part which 


appears to be whitish in the photograph -- 
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da condition. Can you tell from the 


Q Or melte 


photograph what has been melted? 


A No, sir, that would have to »e identified by other tect- 


niques such as an X-ray aiffraction technique, in which 
case the moiten phase should appear as one of the phases 
which is registered on the diffraction pattern. 

Q Now, from your aiffraction pattern, can 


you tell whether there is nickel and aluminum in solution? 


A Yes, sir. 


Q Is there? 


Yes, sir. 


Q Can you tell about the amount of nickel and 


aluminum in solution from the diffraction pattern? 


A Yes, you can. 


Q Can you tell us? 


A Yes, sir. It's - the -- what we do is to take the 


most intense peaks for this calculation, and these calcula- 


tions indicate that there is something approaching 5% 


aluminum in solution. But the accuracy of that number 


would not be that great. 


RE 


a 
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Q Dr. Grant, you testified, going back to the 
beginning of your testimony about these bonding layers, 
you said that as far as you were concerned chemical bond 
or alloy bond was the same thing, is that correct? 

& In metallurgy if you use the expression chemical 
bond it can mean only one thing: Alloy bonds. 
Only alloy bonds? 
sir. 


Chemical bond? 


You're sure of that? 
sir, X am very sure of it. 

And that involves an electronic exchange? 
sir. 

And it's a reaction? 


sir. 
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Q In other words, when TI alloy two metals 


together I get a chemical reaction. 


Yes, six. 


3 Grant-cross~-Sprung 
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Q now, when nickel aluminide is formed, what you 


call nickel «= uminide -- 


A i am sorry. ‘There are two of them. Which one do you 


want to talk about. 
Q Let's say Ni3Al. Does the nickel aad aluminum 


react with an electror. exchange? 


A Yes sir. 


Q A chemical reaction? 


Yes sir. 
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Q Iam not asking you that. I am asking you the 
time now. The time that the particle is maintained at the 
temperature in Exhibit 63-8 is many, many times larger -~ 
A Yes, sir. 

Q -~ than the time it would be subject to this 
temperature in flame spraying? 

A Yes, sir. 

Q There is much more of a time interval than for 

a resin to evaporate then? 
A Yes, sir. 
Q Did you see any aluminum particles on -- 


A No, sir, I didn't see any aluminum particles. 
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Q What are the white spots here -~- 


Aluminum oxide. 


Q These are all aluminum oxide? sf 


Yes, sir. 

Q So that you have no -- 

K> Goubts. 

Q Are you sure that is not aluminum coated with a 
little oxide? 
A Very sure it is not. 

Q Just pure aluminum oxide? 

Yes, sir. 

Q And what happened to the other particles where 
the holes are? 
A Burnt out and fell down to the bottom of the -- 

Q Did you collect them at the bottom? 


Yes, sir. 
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.Q Assuming the point where the reactions occur, 


each of the reactions themselves, is there any belt -- 
A By then the observation reaction -- 

Q I am not asking you about that. I am asving you 
once the reactions are initiated is it not true that the 404 
reactions proceed at a faster rate than the 450"sxotec? 
A After they get started -~ 

Q Is that true? 
A fhat is what the curve says. 

MR. SPRUNG: ‘That is all you were asked. 


Q Now, let's get down to your delay in the reaction. 
A Yes, sir. 
Q Isn't the reaction still faster, the overall 


reaction, isn't the overall reaction stili faster? 


A Excuse me. I am not concerned with overall reactions, 


4f we are talking about two different things. 
Q Isn't it true the exothermic reaction, even 


taking the time delay, that the exothermic reaction is 


faster in the 404? 
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BY MR. SPRUNG? 
Q br. Grant, you testifiea that in the calor imet 


test, that the best indication of the amount of heat gener= 


ated in the exothermic maction would be the area under the 


curve; is that correct? 


A Depends on which curve. 


Q Your own curves. 


A No, sir. 

Q Wouldn't be <-- > 
A That is degrees Centigrade per degree, and therefore 
does not indicate the total quartity of heat -- a different 
kind of a measurement. | 

Q I see. 

How would ;.u determine the amount of heat - 

relative amounts of heat generated under your curves? 
A You wouldn't. You would run a different kind of a 
curve, a temperature time curve. 


* * ¥ 
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MR. SPRUNG: I cannot measure any differ- 
ence between the reference sample and the sample 
that he is taking, except by taking an arbitrary 
point that the witness wants to take. 

THE WITNESS: We went through this, trying 
to get the rates. It took me a long time to con- 
vince Mr. Sprung that the test ic not equipped to 
establish a rate structure, no more than I am 
attempting to get absclute values of a particular 


calorimetric reaction at this point. If I did, I 


would have calculated it. What I am showing here 


is the characteristic behavior patterns between 
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the two, whether they differ by one or two degrees 
is unimportant. What I am attempting to do is to 
establish the nature of the reaction just as has 
been established in the other calorimetric curves, 
that they always give you a kind of reference mater- 


ial. They do not in any senses attempt to solve the 


problems of the world in one curve. 
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Q Okay. 

That's all I want to say, I don't have to worry to find 
the temperature at any point. I just look at the horizontal 
scale -- 

A It's a differential temperature plot. 

Q All I am asking you, if I want to know t.e temper- 
ature at this voint, it is the highest point on 94, which is 
6907 
A Yes, just about. 

9 I see. 

So therefore, wnat is the point at which the aluminum 
starts to melt on 94? 

A Somewhere above -- About 580 (indicating). 
: Q I see. 

The temperature is shown on 94, where the aluminum 

| starts to melt -- 
A On this (indicating). 


Q What is the melting point of aluminum? 


Q And is it not true that you testified that you 
| could determine the accuracy of the instrument by noting the 
melting point? 


| A Yes, in the sense they are reproducible over and over 


| again. 
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Q On your direct, you said, "This instrument has 
detected it very accurately, the initiation of the melting of 
aluminun.” 
| A Yes. 

Q You indicated that is how you tell the atrumen 
is accurate? 
A Pinal melting nere is at 60 -- the melting effect is in 


| 60, where the material is fully molten. 


Q Would you read this temperature at the lowest? 


Q am I correct that that line is at 675? 
I think he is splitting hairs. 


Q Would you look where you put the line -~ I am 


| not asking where. 


| A That was just put there to establish the time interval 


| between that point and the point here (indicating). 


(continued on next page.) 
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Q I see. And that's where it's conceded, and for 
| this, I have 640 -- right? 
la Right. 
Q 80 I have the difference between 640 and 6757 
| & Yes, sir. 

Q As indicating the accuracy of your instruments 
oa - 
A Ro, it indicates in part the me’ (ng point of the par~ 
| ¢icular aluminum which is being used. Only very, very, very 
pure aluminum melts at exactly 660 degrees. 


Q If you -- 
A If it's contaminated, or it’s commercial aluminum, it 


will melt at a lower temperature. 


Q I'll read your testimny -- 


| A Or begin melting at a lower temperature. 

Q It says, "If you look at the lower scale, where 
the curve dips for the first time, and that is the point where 

| the endothermic reaction occurs, namely, that is a melting 


reaction, that is exactly the temperature at which pure alumin 


| A Yes, six. Yes, s.r, for the purposes of this testimony 


| that is exactly right. 
Q I see. So -- But yet, on the one we got 4 ~~ 
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What was it, 440, and the other, was it-640@, and the other 675 


A Yes, sir, that's close enough. 
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Q What do you base your conclusion on that the 
| sample which you analyzed contained no nickel aluminide? 
| A - % couldn't find enough lines to identify MA3Al. 
0° Now, you also were asked a question with regard 
| to the distortion of the -~ 
| A Distortion? 
Q -- what, the lattice? 
The distortion of the individual reflections. 
Q Now, what is the -- | 
wR. SPRUNG: He wasn't asked any questions 
on the distortion of the lattice. 
MR. CALIMAFPDE: Well, I imagined it, then. 
Q Were you asked a question with regard to the 
| aiferaction pattern and the -- 
| A I distinctly recall something about distortions, yes 
sir, due to the fine grain size and to the ~~ 
Q Ana you answered, as I recall -~ 
l a -- particles which are locked in from the -- from the 
| quenching operation. 


Q Does the distortion indicate an aluminwa in 


iS 


-~ ’ 


eral 
——— ens seinen cme a 
—aennpeeeensae 


a Aa na Rac a he 
~ aetna i be 


< AO eo ee amet may crea 


Se ~ - > om ans 
me gL eR EEE WTR SSRN RRR NRE ORR Sm Om 


ad 
a 


7 


JA1091 3270 

5 Grant-redirect 
solution in nic’el or a nickel aluminum solutios? 
| A No, because the nickel in solution simply sbifts the 
line, but if there is distortion it simply hides any effect 
ef any solution effect anyway. It tends to obscure it rather 
than expose ‘-. 

Q Does the x-ray 4iffraction pattern show any 


nickel and aluminum in solution? 


| aluminum in solution. 

Q Can you tell from the pattern how much of the 
nickel aluminum in solution exists? 
A Yes you can. 


Q Can you -~- About how much, can you tell us? 


A ead 
| 


A Well, < found that it was significantly less than 5 


percent. It was a small shift in the pattern. 
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BY MR. SPRUNG: 


Q You testified that you determined there was 


significautly less than 5% aluminum in the solid solution. 
A Yes, sir. 

Q Hew did you make those calculations? 

By line shift. 

Q By line shift. Do you have these. caleulations 
here? : 
A No, I don't. Because I didn’t attempt to get 4 
ocecian number on it. 

Q What number did you get? 

Abcut 3%, 2 1/2%. 

Q About 3%? 3, 3 1/2%? 

MR. CALIMAFDE: Of what? 


THE WITNESS: Of “aluminum in solution. 


Post - direct/Sprung 


THE COURT: Why does it take 30 much time 


and trouble to discover something if it is plainly 


there? 


Well, if material is present 


THE WITNESS: 


~- We axe dealing with a very difficult phase, a 


phase which resembles at high temperatures -- is 
indistinguishable from nickel, and at low temper- 
atures, if it orders, and to the extent that it 
orders, certain new pips develop. 

I was just looking at an article by Dr. Grant 
in which he only observed four peaks or 80, very 


weak ones, and that was, I believe, on pure nickel- 


aluminide. 
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It is difficult to observe the peaks ina 
case like this. 

So if the material is present, what ve 
try to do, or even if it is not present, in look- 
ing for it, we try to make certain that, A, that 
the peaks are real and they are above background. 

If you ran it slowly -- If I ran it at a 
quarter degree a minute, I would have gotten four 
times the intensity per unit of time that I got 
in my actual scan, and the statistics would have 
been better. 

Now, I would also have re-run it to make 
sure each of these is reproducible in that same > 
position. I am quite certain it would have been. 


But certaintude is not the test of certainty, as 


a lawyer once saii, Oliver Wendell Holmes. But 


I like to do things that way. 

It is not that sample. It is not as un- 
ambiguous as we were told a few minutes ago, by 
any means. 

It is always the non-crystallographer who 
finds things « iear and unambiguous in crystallog- 
raphy - 


There is ambiguity. I like to run things 
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slowly, and run them repeatedly, until I am very 


certain it is »resent, oF certain it is not pres-~- 

ent, or have no opinion. 

But I would nesitate to take someone else's 
chart, run this vay, ant use this as a basis for 
anything. 

Q “4 is there any ambiguity as to the 
distortion of che nickel chase? 

A Oh, the bit naako are clearly distorted, that is, the 
main peaks, due to nickel or nickel-aluninum, whatever ons wan 
to call it. 

Those are broadened. And it is ay opinion that the 
bro2dening is due tc 3tress and strain in the sample because 
of the residual stress, which is due to something else ~~ 
| usually somethin« else being vresent, combined with the sudden: 
ness of cooling, which did not give the sample a chance to 
anneal properly. 

9 What would cause that distortion? 

A Many tines. The presence of impurities like aluminum, 
and the presence of -~- sudden sooling cvuld do it. That is 
why peonpie cool things slowly. 

et 1 de 


(continued on next page .) 


JA1096 
Post - cross/Calimafde 


Q Let's take your test for a morent or two, as 
compared to Dr. Grant's. Did your test show an aluminum-oxide 
A Sure. 

Q Did Dr. Grant's show an aluminum-oxide? 

Yes. I remember he did mark it. 


0 Did your test show an absence of alvwinun? 


There are two little pips there which -- one xaally -- 
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i which one might possibly attribute to aluminum. I don't 


| really know. Those I mentioned before that I consider thea 


very, very douwtful. 


pid Dr. Grant's scan show the probable absence 


Q Doesn't he have a legend on his graph? 


As a mattex of fact, he has a place where he says, “Pos 


Q What is the sensitivity of Dr. Grant's blip, as 
compared to your blip on the aluminum phase -~ 


1A The same thing. 
Q So that both of you indicate probably no free 


t 


| aluminum? Both of you indicate the existence of aluminum 


| 
la Yes, but I think the peaks are stronger in my chart. 

Q Both of you found, of course, nickel.. 

ln We found a phase which is nickel, with a -- with its 

| peak shifted from the ideal. 

I hesitate to draw any conclusions, really, from some~ 


ithing which is cooled so abruptly. 
this is not the way you prepare a specimen for a careful 


JA1098 
Post - cross/Calimafde 2302 
precision measurement of the amount of aluminum present. 

Q pr. Grant's scan also included an observation, 
or a scan, at the end of about 120 degrees, 142 degrees, and 
147 degrees, and as we understand your earlier testimony, your 
scan did not go into that region? , 
A Let me make that point clear -~- 

Q Well, let's establish the answer first. 

The answer is yes. 

Q . Yet me ask you another question before we get to 
an explanation. 

Do you agree with Dr. Grant that at the higher angle, 
the intensity line for nickel-aluminide, if it existed, would 
be a greater intensity line? | 
A No. 

Q You do not agree with that? 


Absolutely not. 


OOF 
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